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4 BIT MICROCOMPUTERS 

































Function Part number Characteristic Package Page 
LOW COST ETC9410/9310 With their efficient instruction set (1 byte eo RAM: 32x4 1-5 
MCUs ETL9410/9310 instruction) and wide !/O option list, these e ROM: 512x8 1-21 
MCUs are designed for home appliances e191/0 lines 
and consumer applications. 
e One 4-bit SIO DIL24 
e Emulation and development on DEVICE 
ETC9411/9311 e RAM: 32x 4 1-5 
ETL9411/9311 e ROM: 512x8 1-21 
e 16 1/0 lines 
DIL20 
ETL9413 e@ RAM: 32x 4 1-41 
ETL9313 e ROM: 512x8 
e 15 1/0 lines 
DIL20 
ET9420/9320 e RAM: 64 x 4 1-45 
ETC9420/9320 e ROM: 1024 x8 1-69 
ETL9420/9320 e 23 |/0 lines 1-91 
DIL28 
ET9421/9321 e RAM: 64 x 4 1-45 
ETC9421/9321 e ROM: 1024 x8 1-69 
ETL9421/9321 e 19 1/0 lines 1-91 
DIL24 
ET9422/9322 @ RAM: 64x 4 1 1-45 
ETC9422/9322 e ROM: 1024x8 mar 1-69 
ETL9422/9322 e 15 1/0 lines 1-91 
DIL20 
ETC9444/9344 o@ RAM: 128 x 4 1-69 
ETL9444/9344 e ROM: 2048 x 8 1-115 
e 23 1/0 lines 
DIL28 
ETC9445/9345 e@ RAM: 128 x 4 
ETL9445/9345 e@ ROM: 2048 x8 
e 23 I/O lines 
DIL24 
MOTOR TS94104 Well suited for speed measurement, direct e RAM: 128 x 4 1-139 
SPEED triac drive in industrial environment e ROM: 2048 x 8 
CONTROL (watchdog feature). 
LOW COST Individual clock for MCU, speed 
MCUs 





TS94120 


TS94144 





measurement timer and triac drive timer. 


e One 4-bit SIO 


e Emulation and development on DEVICE 
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@ RAM: 64x 4 


@ ROM: 1024x8 FRE 


e 23 1/0 lines 


e@ RAM: 128 x 4 
e ROM: 2048 x8 
e 23 1/0 lines 











ETC9410 e ETC9411 e ETC9310 e ETCI9311 


SINGLE CHIP MICROCONTROLLERS 








The ETC 9410, C 9411,C 9310, and C 9311, fully Static, Single-Chip 
CMOS Microcontrollers are fully compatible with the COPS® 
family, fabricated using double-poly, silicon gate CMOS technology. 
These Controller Oriented Processors are complete microcompu- 
ters containing all system timing, internal logic, ROM, RAM, and 
1/0 necessary to implement dedicated control functions in a variety 
of applications. Features include single supply operation, a variety 
of output configuration options, with an instruction set, internal 
architecture and I/O scheme designed to facilitate keyboard input, 
display output and BCD: data manipulation. The ETC 9411 is identi- 
cal to the ETC 9410 but with 16 1/0 lines instead of 20. They are an 
‘appropriate choice for use in numerous human interface control 
environments. Standard test procedures and reliable high-density 
fabrication techniques provide the medium to large volume custo- 
mers with a customized Controller Oriented Processor at a low 
end-product cost. 


The ETC 9310/C9311 is the extended temperature range version of 
the ETC 9410/C9411. 


@ Lowest Power Dissipation (40uW typical) 

e@ Low Cost 

@ Power saving HALT mode with Continue function 
@ Powerful Instruction Set 

| @512x 8 ROM, 32x 4RAM 

@ 20 1/0 lines (ETC 9410) 

@ Two-level subroutine stack 

@ DC to 4 us instruction time 

| @ Single supply operation (2.4V to 5.5V) 

| @ General purpose and TRI-STATE “outputs 


@ Internal binary/counter register with MICROWIRE ® compatible 
serial I/O 


e@ LSTTL/CMOS compatible in and out 


@ Software/hardware compatible with other members of the 
ET 9400 family 


| @ Extended temperature (- 40°C to + 85°C). 
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” Not available in ETC9411 


Vcc GND CKI -  CKO* 


| El eeemere 2 : 
| CLOCK : 
INSTRUCTION CLOCK (SYNC) | DIVIDER 


PROGRAM MEMORY 
512 x 8 ROM 


ADDRESS 


RESET Ha) 











DIGIT ADDRESS 


DATA MEMORY ss REG 
32 x 4RAM ADDR 
OUT 









IN 
9 . - 7 21] 
, : 3 
& 
; | = BUFFER [123] 
- = 
INSTRUCTION SA 9 
DECODE/CONTROL _-—-— — 


SKIP LOGIC SB 


2 LEVEL STACK 


Si03 SiO2 SI01 SICo 
SERIAL 1/0 REGISTER 











1/0 CONTROLS : 8 
REGISTER Ea 
G 

REGISTER [119) 

ee |- 
BUFFER 18) 

L DRIVERS ; = 
, 17] 


[5 67 8 toh 1 712}413 | 


L7 L6 ts t4 L3 L2 Li Lo 


D3* 
D2* 
D1 
Do 


SK 


SO | MICROWIRE I/O 


G3* 
G2 
Gi 
Go 


(uolsieA uld-p2Z) wvydSvid 19018 — b 3HNDIS 


LLEG / OLEGOLA © LLYG / OLHEDLIA 


ETC9410 / 9411 ¢ ETC9310 / 9311 





ETC 9410 e ETC 9411 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Vcc) 6V 
Voltage at Any Pin Relative to GND -~ 0.3V to Vee + 0.3 V 
Ambient Operating Temperature O°C to + 70°C 
Ambient Storage Temperature - 65°C to + 150°C 
Lead Temperature (Soldering, 10 seconds) 300° C 
Total Source Current 25 mA 
Total Sink Current 25mA 


Absolute maximum ratings indicate limits beyond which damage to 
the device may occur. DC and AC electrical specifications are not 
ensured when operating the device at absolute maximum ratings. 


-DC ELECTRICAL CHARACTERISTICS 0°C<Ta< +70°C (Uniess otherwise specified) 


Power Supply Ripple (Note 5) Peak to peak 


125 us 

















Vec = 2.4V tc 


Supply Current 
(Note 1) 






Vec = 5.0V te 16 ps 

Vec = 5.0V te 4s 

(tc is the instruction cycle time) 
Vcc = 5.0V Fin = OkHz. 

Vec = 2.4V Fin = OkHz 
















HALT Mode Current 
(Note 2) 









Input Voltage Levels 
RESET, CKI 

Logic High 

Logic Low 
All other inputs 
Logic High 
Logic Low 
















Hi — Z input leakage 
Input capacitance 












Output Voltage Levels Standard outputs 
















LSTTL Operation Vec = 5.0Vt5 % 
Logic High IOH =-25 pA 
Logic Low IOL = 400 pA 

CMOS Operation 
Logic High loH = -10 pA 









Logic Low loL= 10pA 










(except CKO) 
Vec = 4.5V, Vout = Vec 
Vec = 2.4V, Vout = Vec 
Veo = 4.5V, Vout = OV 
Veg = 2.4V, Vout = OV 
Vec = 4.5V, Vout = OV 
Vec = 2.4V, Vout = OV 


Output current levels 
Sink (Note 6) 














Source (standard option) 














Source (low current option) 













CKO (as clock out) current levels 
Sink 
divide by 4 
divide by 8 
divide by 16 
Source 
divide by 4 
divide by. 8 
divide by 16 






Voc = 4.5V, CKI = Vee, Vout = Voc 


















Voc = 4.5V, CKI = 0, Vout = 0 
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ETC 9410 6 ETC 9411 
DC ELECTRICAL CHARACTERISTICS (continued) 


Allowable Loading on CKO (as HALT) 


Current needed to over-ride HALT (note 3) | 
To continue Veco = 4.5V, VIN = .2Ve¢ 


To halt Veco = 4.5V, VIN = .7V ee 


| TRI-STATE® or open drain leakage 
current 





ETC 9410 e ETC 9411 
AC ELECTRICAL CHARACTERISTICS (0°C<Tp<+70°C (Unless otherwise specified) 
































Instruction Cycle Vcc 2 4.5V 
Time = tc 4.5V>Vec>2.4V : 
Operating CKI - 4mode 
Frequency - 8 mode | Veo = 4.5V 
> 16 mode ne 
- 4mode DC 









~ 8 mode Vc = 2.4V 
- 16 mode 


R = 30k +5 %, Voc = SV 
C = 82pF +5 % (+ 4 Mode) 






Instruction Cycle 
Time - CKI(RC) (Note 4) 


INPUTS : (See Fig. 3) 







tseTUP G Imputs ! es us 
S| Input Vcc 24.5V = ys 
All Others “ ys 

‘HOLD Vec 2 4.9V = us 
Veco 22.4V ao 














OUTPUT 








Propagation delay (see fig. 3) Vout = 1.5V, C, = 100pF, R, = 5K 
tpp1, tppo Veco 2 4.5V 
tpp1, tppo Veco 2.4V 


1.0 us 
4.0 ys 


Note 1: Supply current is measured after running for 2000 cycle times with a square -wave clock on CKI, CKO open, and all other pins pulled 
up to V¢c with 20k resistors. 


Note 2: The HALT mode will stop CK! from oscillating in the RC and crystal configurations. 

Note 3: When forcing HALT, current is only needed for a short time (approx. 200 ns) to flip the HALT flip-flop. 

Note 4: This parameter is only sampled and not 100 % tested. 

Note 5 : Voltage change must be less than 0.5 voit in a 1 ms period. 

Note 6: SO output sink current must be limited to keep Vo__ below 0.2 Vcc when port is running in order to prevent entering test mode. 


4/16 
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ETC 9310 e ETC 9311 
ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Vcc) 6V 

Voltage at any pin - 0.3V to Vee + 0.3V Operating temperature range - 40°C to 
+ 85°C 

Total allowable source current 25mA Storage temperature range ~- 65°C to + 150°C 

Total allowable sink current 25mA Lead temperature (soldering, 10 sec.) 300°C 


Absolute maximum ratings indicate limits 
beyond which damage to the device may occur. 
DC and AC electrical specifications are not 
ensured when operating the device at absolute 
maximum ratings. 


DC ELECTRICAL CHARACTERISTICS — 40°C< Ta<+85°C (Unless otherwise specified). 


Power Supply Rippie(Note 5 Peak to Peak 


Supply Current (Note 1) Voc = 3.0V, tc= 125ys 

Vec = 5.0V, te= 16ps 

Vec = 5.0V, te = Sus 

(te iS instruction cycle time) 


HALT Mode Current Voc = 5.0V, Fin = OkHz 
(Note 2) Vc = 3.OV, Fin = OkHz 
Input Voltage Levels 
RESET, CK! 
Logic High 
InpuLogic Low 
All Other Inputs 
Logic High 
Logic Low 


Hi-Z Input Leakage 
Input Capacitance 


Output Voltage Levels Standard Outputs 





LSTTL Operation Vee = 5.0Vt5 % 
Logic High lon = 25pA 
Logic Low lo. = 400pA 
CMOS Operation 
Logic High lon = — 10pA 
Logic Low lo, = 10pA 


Output Current Levels 
Sink (Note 6) Vcc = 4.5V, Vout = Vec 
Voc = 3.0V, Vour = Vcc 
Source (Standard Vec = 4.5V, Vout = OV 
Option) Vec a 3.0V, Vout =OV 
Source (Low Vec = 4.5V, Voyt = OV 
Current Option) Veco = 3.0V, Vout = OV 
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ETC 9310 e ETC 9311 
DC ELECTRICAL CHARACTERISTICS (continued) 


CKO Current Levels 
































(As Clock Out) 
‘Sink + 4 Vec = 4.5V, CKI = Vcc. Vout = Vec 
+ 8 
+16 
Source 24 Veo = 4.5V, CKI= OV, Voyr = OV 
+ 8 
+16 






(as HALT 1/O arat 







Current Needed to 

Override HALT (Note 3) 
To Continue c = 4.5V, Vin = 0.2 Vec 0.8 mA 
To Halt c = 4.5V, Vix = 0.7 Vec 2.0 mA 





TRI-STATE or Open Drain 
Leakage Current 


ETC 9310 e ETC 9311 
AC ELECTRICAL CHARACTERISTICS —40°C<T,~<+85°C (Unless otherwise specified) 


ee 
Instruction Cycle Time (t,) Veco 4.5V oc 
4.5V>Vcec33.0V DC 


Operating CK! + 4mode 








































Frequency + 8mode Veco 4.5V 

+ 16 mode 

+ 4mode 

+ 8mode 4.5V>Vo- 33.0V 

> 16 mode | 
Instruction Cycle Time R= 30k2+5 %, Voc = 5V 
RC Oscillator (Note 4) C= 82pF +5 % (+ 4 Mode) 
Inputs (See Figure 3) 























t G Inputs tc/4+0.7 
ssid SI Input Vee 4.5V 0.3 
All Others 1.7 
toto Veco #4.5V 0.25 


Vec#3.0V 














Output Propagation 
Delay 

tpp1 tepo 
tep1 t ppo 









Vour = 1.5V, Cc, = 100pF, R, = 5k 
Vee 4.5V 
Veg>3.0V 


Note 1 : Supply current is measured after running for 2000 cycle times with a square-ware clock on CKI, CKO open, and all other pins pulled 
up to Vcc with 20k resistors. 


Note 2: The HALT mode will stop CKI from oscillating in the RC and Crystal configurations. 

Note 3: When forcing HALT, current is only needed for a short time (approximately 200 ns) to flip the HALT flip-flop. 

Note 4: This parameter is only sampled and not 100 % tested. 

Note 5 : Voltage change must be less than 0.5 volt in a 1 ms period. 

Note 6 : SO output sink current must be limited to keep VoL below 0.2Vcc when port is running in order to prevent entering test mode. 
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FUNCTIONAL DESCRIPTION 


To ease reading of this description, only ETC 9410 and/or sequential 9-bit binary count value. Two levels of subroutine 
ETC 9411 are referenced: however, all such references nesting are implemented by two 9-bit subroutine save 
apply equally to ETC 9310 and/or ETC 9311, registers, SA and SB. 

A block diagram of the ETC 9410 is given in Figure 1. Data ROM instruction words are fetched, decoded, and executed 
paths are illustrated in simplified form to depict how the by the Instruction Decode, Control and Skip Logic circuitry. 


various logic elements communicate with each other in 
implementing the instruction set of the device. Positive logic 


is used. When a bit is set, it is logic ‘‘1’’ when a bit is reset, Data Memory 


it is a logic “0”. Data memory consists of a 128-bit RAM, organized as 
4 data registers of 84-bit digits. RAM addressing is 
Program Memory implemented by a 6-bit B register whose upper 2 bits (Br) 
; -select 1 of 4 data registers and lower 3 bits of the 4-bit Bd 
Program memory consists of a 512-byte ROM. As can be select 1 of eight 4-bit digits in the selected data register. 
seen by an examination of the ETC 9410/C 9411 instruction While the 4-bit contents of the selected RAM digit (M) are 
Set, these words may be program instructions, program usually loaded into or from, or exchanged with, the A 
data, or ROM addressing data. Because of the special register (accumulator), they may also be loaded into the Q 
characteristics associated with the JP, JSRP, JID, and LOID latches or loaded from the L ports. RAM addressing may 
instructions, ROM must: often be thought of — being also be performed directly by the XAD 3,15 instruction. The 
organized into 8 pages of 64 words (bytes) each. Bd register also serves as a source register for 4-bit data 
. sent directly to the D outpouts. 
HOM ecdressing The most significant bit of Bd is not used to select a RAM 
ROM addressing is accomplished by a 9-bit PC register. Its digit. Hence, each physical digit of RAM may be selected by 
binary value selects one of the 512 8-bit words contained in two different values of Bd a shown in Figure 4 below. The 
ROM. A new address is loaded into the PC register during skip condition for XIS and XDS instructions will be true if Bd 
each instruction cycle. Unless the instruction is a transfer of changes between 0 and 15, but NOT between 7 and 8 (see 
control instruction, the PC register is loaded with the next Table 3). 









DESCRIPTION 
8 bidirectional I/O ports with TRI-STATE ® 
4 bidirectional I/O ports (G,- Go for 20 pin ne 
package) 
4 genaral purpose outputs (D;- Do for 20 pin L6 
package) L7 
Serial input (or counter input) ae 
Serial output (or general purpose output) noel 
Logic-controlled clock (or general purpose CKI 
output) 
System oscillator input DO 
Crystal oscillator output (or HALT mode I/O D1 
port) as 
(24 pin package only) 
System reset input 12} G1 
System power supply 111] Go 
System ground 
FIGURE 2 — CONNECTION DIAGRAMS 
|+———1NSTRUCTION CYCLE TIME (t¢}——> 
SK (ASA 
case ee 
G3-Go, L7-Lo, |-—tsetuP——>| k- tHoLD 
asiinputs LLLLLLLLLL LLL LLL LLL ______ ALLLLLLLL Lh 
G3-Go, D3-Do, me ae 
L7-Lo, SO, SK VOH Vv 
OUTPUTS 
FIGURE 3 — INPUT/OUTPUT TIMING DIAGRAMS 
(DIVIDE-BY-8 MODE) 
7/16 
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ETC9410 / 9411 e ETC9310 / 9311 


The D register provides 4 general purpose outputs and is 
used as the destination register for the 4-bit contents of Bd. 


The XAS instruction copies C into the SKL Latch. In the 
counter mode, SK is the output of SKL ; in the shift register 
mode, SK is a sync clock, inhibited when SKL is a logic ‘’0” 


The EN register is an internal 4-bit register loaded under 
program control by the LEI instruction. The state of each bit 
of this register selects or deselects the particular feature 
associated with each bit of the EN register (EN3-ENO). 


1. The least significant bit of the enable register, ENO, 
selects the SIO register as either a 4-bit shift register or as 
a 4-bit binary counter. With ENO set, SIO is an 
asynchronous binary counter, DECREMENTING its value 
by one upon each low going pulse (‘'1"’ to ‘‘0’’) occurring 
on the SI input. Each pulse must be at least 2 (two) 
instruction cycles wide. SK outputs the value of SKL. The 
SO output is equal to the value of EN3. With ENO reset. 
SIO is a serial shift register, shifting left each instruction 
cycle time. The data present at SI is shifted into the least 
significant bit of SIO. SO can be enabled to output the 





Shift Register 


Shift Register 





Binary Counter 







Binary Counter 







Internal Logic 


The internal logic of the ETC 9410/C 9411 is designed to 
insure fully static operation of the device. 


The 4-bit A register (accumulator) is the source and destination 
register for most !/O, arithmetic, logic and data memory access 
‘operations. it can also be used to load the Bd portion of the 
register, to load 4 bits of the 8-bit Q latch data and to perform data 
exchanges with the SIO register. 


A 4-bit adder performs the arithmetic and logic functions of 
the ETC 9410/C 9411, storing its results in A. It also outputs 
the carry information to a 1-bit carry register, most often 
employed to indicate arithmetic overflow. The C registerin 
conjunction with the ‘XAS instruction and the EN register, 
also serves to control the SK output. C can be outputted 
directly to SK or can enable SK to be a sync clock each 
instruction cycle time. (See XAS instruction and EN register 
description below). 


The G register contents are outputs to 4 general-purpose 
bidirectional |/O ports. 


The Q register is an internal, latched, 8-bit register, used to hold 
data loaded trom RAM and A, as well as 8-bit data from ROM. Its 
contents are output to the L 1/O ports when the L drivers are 
enabled under program control. (See LE! instruction). 

The, 8L drivers, when enabled, output the contents of 
latched Q data to the L |/O ports. Also, the contents of L 
may be read directly into A and RAM. 


8/16 


input to Shift Register 
Input to Shift Register 
Input to Binary Counter 


Input to Binary Counter 


THOMSON SEMICONDUCTEURS 





Most significant bit of SIO each instruction cycle time. 
(See 4 below). The SK output becomes a logi¢ controlled 
clock. 


2. EN1 is not used, it has NO effect on the ETC 9410/ 
C 9411. 


3. With EN2 set, the L drivers are enabled to output the data 
in Q to the L I/O ports. Resetting EN2 disables the L 
drivers, placing the L !/O ports in a hight impedance input 
State. 


4. EN3, in conjunction with ENO, affects the SO output. With 
ENO set (binary counter option selected), SO will output - 
the value loaded into EN3. With ENO reset (serial shift 
register option selected), setting EN3 enables SO as the 
output of the SIO shift register, outputting serial shifted 
data each instruction time. Resetting EN3 with the serial 
shift register option selected, disables SO as the shift 
register output : data continues to be shifted through SIO 
and can be exchanged with A via an XAS instruction but 
SO remains reset to 0" 


Enable Register Modes — Bits EN, and EN, 







Seria! Out 





* 


OoO-NWOADROD N WO 


*CAN BE DIRECTLY ADDRESSED BY 
LBI INSTRUCTION (SEE TABLE 3) 


FIGURE 4 — RAM DIGIT ADDRESS 
TO PHYSICAL RAM DIGIT MAPPING 


The SIO register functions as a 4-bit serial-in/serial-out shift 
register or as a binary counter depending upon the contents 
of the EN register. (See EN register description above). Its 
contents can be exchanged with A, allowing it to input or 
Output continuous serial data stream. With SIO functioning 
as a serial-in/serial-out shift register and SK as a sync- 
clock, the ETC 9410/C 9411 is MICROWIRE® compatible. 
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Initialization 


The internal reset logic will initialize the device upon power- 
up if the power supply rise time is less than 1 ms and if the 
operating frequency at CKI is greater than 32 kHz, otherwise 
the external RC network shown in Figure 5 must be 
connected to the RESET pin. The RESET pin is configured as 
a Schmitt trigger input. If not used, it snould be connected 
to Vcc. Initialization will occur whenever a logic “0” is 
applied to the RESET input, providing it stays low for at 
least three instruction cycle times. 


NOTE: If CKi clock is less than 32 kHz, the internal reset 
logic (option 25=1) MUST be disabled and the 
external RC network must be present. 


+ 






Voc 






RESET 


ETC 9410 
GND 


FIGURE 5 — POWER-UP 
CLEAR CIRCUIT 







<CHVUCH DMsOv 


RC > 5 X Power Supply Rise Time 

and RC > 100 X CKI period 

Upon initialization, the PC register is cleared to 0 (ROM 
address 0) and the A, B, C, D, EN, and G registers are 
cleared. The SK output is enabled as a SYNC output, 
providing a pulse each instruction cycle time. Data Memory 
(RAM) is not cleared upon initialization. The first instruction 
at address 0 must be a CLRA (clear A register). 


HALT Mode 


The ETC 9410/C 9411 is a FULLY STATIC circuit : therefore, 
the user may stop the system oscillator at any time to halt 
the chip. The chip may also be halted by the HALT 
instruction or by forcing CKO high when it is used as an 
HALT !/O port. Once in the HALT mode, the internal 
circuitry does not receive any clock signal, and is therefore 
frozen in the exact state it was in when halted. All 
information ts retained until continuing. The HALT mode is 
the minimum power dissipation state. 


The HALT mode has slight differences depending upon the 
type of oscillator used. 


a) One-pin oscillator - (RC or External) 

The HALT mode may be entered into by either program 

control (HALT instruction) or by forcing CKO to a logic 

“1 state. 

The circuit may be awakened by one of two different 

methods : 

1 - Continue function — by forcing CKO to a logic “0”, 
the system clock is re-enabled and the circuit 
continues to operate from the point where it was 
stopped. 

2 - Restart - forcing the RESET pin to a logic ’’0"’ will re- 
start the chip regardless of HALT or CKO (see 
Initialization). 

b) Two-pin oscillator - (Crystal) 

The HALT mode may be entered into by program control 

(HALT instruction) which forces CKO to a logic “'1"’ state. 

The circuit can be awakened only by the RESET function. 


HALT 1/0 


HALT 
INSTRUCTION 


RESET 





HALT I/O port. 


THOMSON SEMICONDUCTEURS 


1-13 





ETC 9411 


If the ETC 9410 is bonded as a 20-pin package, it becomes 
the ETC 9411 illustrated in Figure 2, ETC 9410/C 9411 
Connection Diagrams. Note that the ETC 9411 does not 
contain D2, D3, G3, or CKO. Use of this option of course 
precludes use of D2, D3, G3, and CKO options. All other 
options are available for-the ETC 9411. 


CKO Pin Options 


In a crystal controlled oscillator system, CKO is used as an 
Output to the crystal network. CKO will be forced high 
during the execution of a HALT instruction, thus inhibiting 
the crystal network. If a one pin oscillator system is chosen 
(RC or external), CKO will be a selected as HALT and is an |/ 
O flip-flop which is an indicator of the HALT status. An 
external signal can override this pin to start and stop the 
chip. By forcing a high level to CKO; the chip wil stop as 
soon as CKI is high and the CKO output will go high to keep 
the chip stopped. By forcing a low level to CKO, the chip will 
continue and CKO output will go low. 


All features associated with the CKO I/O pin are available 
with the 24-pin package only. 


Oscillator Options 


There are three options available that define the use of CK! 
and CKO. 


a) Crystal Controlled Oscillator. CK! and CKO are connected 
to an external crystal. The instruction cycle time equals 
the crystal frequency divided by 16 (cptionally by 8 or 4). 


b) External Oscillator. CK! is configured as a LSTTL 
compatibie input accepting an external clock signal. The 
external frequency is divided by 16 (optionally by 8 or 4) to 
give the instruction cycle time. CKO is the HALT 1/0 port. 


c) RC Controlled Oscillator. CKI is configured as a single pin 
RC controlled Schmitt trigger oscillator. The instruction 
cycle equals the oscillation frequency divided by 4. CKO is 
the HALT I/O port. 


B 
CKI CKO 
SU 
EXTERNAL HALT 
CLOCK 
Cc 
CK CKO 





IK 
=x 
» 
Lae 
4 


FIGURE 6 — ETC 9410C OSCILLATOR 
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- Crystal or resonator R C controlled Oscillator 
Crystal Component Values 
value R1 R2 C1(pF) C2 (pF) R Cc Cycle time Vcc 
32 kHz 220k 20M 30 5 36 15k 82 pF 4to 9 pus >4.5V 
2.096 MHz 2k iM 30 5 36 k ; E 16t m 2.410 4.5V 
4 MHz 1k 1M 30 5 36 ee oP ceed i 


Note : 15k <R< 150k ; 50pF<C< 150pF 


This circuit and these values are for indication only. As the oscillator characteristics are not guaranteed, please 
consider and examine the circuit constants carefully on your application. 


FIGURE 6 — ETC 9410 OSCILLATOR 


: Vv 
1/O Options od 
ETC 9410/C 9411 outputs have the following optional 

; P3 
configurations, illustrated in Figure 7 : 
a) Standard - A CMOS push-pull buffer with an N-channel a 


device to ground in conjunction with a P-channel device 4 
to Vcc, compatible with CMOS and LSTTL. 
b) Low Current Push-Pull Output 
b) Low Current - This is the same configuration as a) above 
except that the sourcing current much less. Voc 
c)Open Drain - An N-channel device to ground only, 
allowing external pull-up as required by the user's 


application. 


d) Standard TRI-STATE® L Output - A CMOS output 1 N1 
buffer similar to a) which may be disabled by program 
control. 


e) Low-Current TRI-STATE® L Output - This is the same 
as d) above except that the sourcing current is much less. 


f) Open-Drain TRI-STATE® L Output - This has the N 
channel device to ground only. 


c) Open Drain Output 


Voc 
DISABLE 





P2 
The SI and RESET inputs are Hi-Z inputs (Fig. 7 g) 


N1 
When using either the G or L 1/O ports as inputs, a pull-up 
device is necessary. This can be an external device or the 
following alternative is available: Select the low-current 
Output option. Now, by setting the output registers to a 
logic ‘I’ level, the P-channel devices will act as the pull-up 


load. Note that when using the L ports in this fashion the Q " 
registers must be set to a logic ‘I’ tevel and the L drivers DISABLE. 
MUST BE ENABLED by an LEI instruction. re 
All output drivers use one or more of three common devices 
numbered 1 to 3. Minimum and maximum current (lou, Vout . 
curves are given in Figure 8 for each of these devices to 

allow the designer to effectively use these |/O configura- i 


d) Standard TRI-STATE® “L” Output 


tions. e) Low Current TRI-STATE® “tL” Output 
Voc 
Voc 
Pe DISABLE 
> 
N1 


: i: ® op 9 
a) Standard Push Pull Output f) Open Drain TRI-STATE L” Output 


: Voc 
FIGURE 7 — 1/0 CONFIGURATIONS w ) L { 


g) Hi-Z Input 
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lot (mA) 


IOH (UA) 


low (uA) 


MINIMUM SINK CURRENT 





VoL (VOLTS) 


LOW CURRENT OPTION 


MINIMUM SOURCE CURRENT 


A 3.0 


4.0 


Vou (VOLTS) 


ETC9310/ETC9311 
LOW CURRENT OPTION 


MAXIMUM SOURCE CURRENT 





Von (VOLTS) 





ETC9410 / 9411 ¢ ETC9310 / 9311 





Pe TT 
SAECO 
sera seasate 








STANDARD 
MINIMUM SOURCE CURRENT 


loH(mMA) 





Von (VOLTS) 


ETC9410/ETC9411 
LOW CURRENT OPTION 
MAXIMUM SOURCE CURRENT 


lon WA) 





10 20 30 40 50 #460 
Von (VOLTS) 


MAXIMUM QUIESCENT CURRENT 


IcCWA) 





Voc (VOLTS) 


FIGURE 8 — INPUT/OUTPUT CHARACTERISTICS 
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ETC 9410/C 9411 INSTRUCTION SET 


Table 2 is a symbol table providing internal architecture, Table 3 provides the mnemonic, operand, machine, code, 
instruction operand and operational symbols used in data flow, skip conditions and description associated with 
the instruction set table. each instruction in the ETC 9410/C 9411 instruction set. 


TABLE 2 — ETC9410/C 9411 INSTRUCTION SET TABLE SYMBOLS 


Symbol Definition Symbol Definition 
INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS 

4-bit Accumulator. d 4-bit Operand Field, 0 - 15 binary (RAM Digit Select) 
6-bit RAM Address Register r 2-bit Operand Field, 0 - 3 binary (RAM Register Select) 
Upper 2 bits of B (register address) a 9-bit Operand Field, 0 - 511 binary (ROM Address) 
Lower 4 bits of B (digit address) y 4-bit Operand Field 0 - 15 binary (Immediate Data) 
1-bit Carry Register RAM(s) Contents of RAM location addressed by s 

4-bit Data Output Port ROMI(t) Contents of ROM location addressed by t 


4-bit Enable Register 
4-bit Register to latch data for G I/O Port Te Rag eee 
8-bit TRI-STATE 1/0 Port OPERATIONAL SYMBOLS 
4-bit contents of RAM Memory pointed to by B Register + Pius 
9-bit ROM Address Register (program counter) _ Minus 
8-bit Register to latch data for L 1/O Port > Replaces 
9-bit Subroutine Save Register A ca Is exchanged with 
9-bit Subroutine Save Register B = Is equal to 
4-bit Shift Register and Counter A The one’s complement of A 
Logic-Controlled Clock Output ® Exclusive-OR 

: Range of values 


HOnoverOomoc > 
QeBgozErogoopes 


TABLE 3 - ETC9410/C 9411 INSTRUCTION SET 





‘ i re 
ex anguage Cod ; it] inti 
Operand | Code Binary) e Data Flow Skip Conditions Description 


ARITHMETIC INSTRUCTIONS 





Add with Carry, Skip on 
Carry 


At+y-A Carry Add Immediate, Skip on 
Carry (y 4 0) 


a eres 


fs] ° ° ; ° ° : : ae 
XOR Foal 02 1000 0j00 1 0; A ®RAM (B) +A | None | Exclusive-OR RAM with A 


A + C + RAM(B)—A 
Carry —eC 













one’s complement of A 
toA 


No Operation 





12/16 








THOMSON SEMICONDUCTEURS 


1.16 


ETC9410 / 9411 © ETC9310 / 9311 





TABLE 3 — ETC9410/C 9411 INSTRUCTION SET (continued) 
TRANSFER OF CONTROL INSTRUCTIONS 


eee ae ROM (PC gA,M)—PC7.9 
1S ner mee 


i 7 87:0 
JP = | | | 46:0 | 
(pages 2.3 only) 
or 
~ [TT | ago | 
JSRP - PC + !—-~SA-~SB 
010—PC gg 
a PC 59 





Jum Indirect 
























Jump within Page 
(Note 1) 










Jump to Subroutine Page 
(Note 2) 






6- {O11 O|1 0 Ofa | 


“PC + 1-—- SA-+SB Jump to Subroutine 


None 
None 
48 | 0100 {1 00 0 | SB—~ SA—> PC Nome Return from Subroutine 
49 {010 01100 1 SB-+ SA—» PC Always Skip on Return| Return from Subroutine then 
Skip 
, nae 






| 87:0 | a-—- PC 








| 0 0 1 0 0 1 ‘| Halt processor 
38 0 0 1 1100 0; 


MEMORY REFERENCE INSTRUCTIONS 
CAMQ 33 ,O01100114 
3C 1001 111100] 



















A—-Q7.4 
RAM (B)—» Q 3:0 






None Load RAM into A, 
Exclusive-OR Br with r 


Load Q Indirect 
0-+ RAM (B)2 


Reset RAM Bit 
O-* RAM (B)3_ | 
1+ RAM (B)o Set RAM Bit 
1— RAM (B), 
1— RAM (B)p 
1» RAM (8)3 


STII y Te {30 TV Ly | y—~ RAM (B) None Store Memory immediate 
Bd + i-~- Bd and Increment Bd) 
Xx Br co[- 0-07 Ot 10 RAM (B) eo A None Exchange RAM with A, 
Br @ r— Br Exclusive-OR Br with r 


XAD Soro 23 (00 10)001 11 
, Exchange A with RAM 
BE P07 Vy (3, 15) 


XDS a 7 (OOjrforryy 
ae | 
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RAM (B)—A 
Br@ r—Br 









ROM(PCgA.M)-» Q 







O—» RAM (8) 
O—»> RAM (B)4 


































RAM (3, 15)-*# A 

















RAM (B)=>A 
Bd — i—Bd 
Br @ r—Br 


Bd decrements past O| Exchange RAM with A 
and Decrement Bd, 
Exclusive-OR Br with r 


Exchange RAM with A 
and Increment Bd, 
Exclusive Or Br with r 









RAM (B)=>A 
Bd + I—»B8d 
Br @ r—+Br 


Bd increments past 1 









13/16 





ETC9410 / 9411 ETC9310 / 9311 





TABLE 3 — ETC9410/C 9411 INSTRUCTION SET (continued) 





Machine 
Hex Language Code 
Operand Code (Binary) Data Flow Skip Conditions Description 


' REGISTER REFERENCE INSTRUCTIONS 
es 
Skip until not a LBI 


[o 0 | ' id - 1) | Load 8 Immediate with r.d 
(d = 0.9°15) 
oral y 


jo 11 O| y | 
[00 1 0J0 000} Cat Skip if C is True 
a err 00101000 - RAM Ship A Equals RAM 


SKGZ : joo 1170011) Skip if G is Zero 
: [00 10/000 1f (all 4 bits) 


SKGBZ 0011J001 4] Ist byte Skip if G Bit ts Zero 
lo000j0001j . 
000 1/000 1} ond byte 
le000j001 1} 
000110011 


loooojo00 4 RAM(B}g Skip if RAM Bit is Zero 
loo01jo004 RAM(B); 

loooojoo14| RAM(B)2 

lo001foo14| RAM(B)3 
































Load EN Immediate 





INPUT/OUTPUT INSTRUCTIONS 


ING 33 jo0 11j001 3] G-:-A Input G Ports to A 
2A [00 10]1010| 
INL joo 1170011) L7.4 * RAM(B) Input L Ports to RAM.A 
loo 10j1110} L390 7A 
OBD ‘{o 011/00114J Bd -D Output Bd to D Outputs 
jo 01 1j1 11 o} 
i joo1sjoors) | RAM@®) -G pe FF Output RAM to G Ports 

























joo1 111010] 


-_ 4F lor ool111 4) A = SIO, C ~ SKL Tr Exchange A with SIO 


Note 1 : The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. 
The JP instruction, otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page. 
Note 2: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in 
pages 2 or 3. JSRP may not jump to the last word in page 2. 
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The following information is provided to assist the user in 
uderstanding the operation of several unique instructions 
and to provide notes useful to programmers in writing 
ETC 9410 C 9411. 


XAS Instruction 


XAS (Exchange A with SIO) exchanges the 4-bit contents of 
the accumulator with the 4-bit contents of the SIO register 
or binary counter data, depending on the value of the EN 
register. An XAS instruction will also affect the SK output. 
(See Functional Description, EN Register, above). If SIO is 
selected as a shift register, an XAS instruction must be 
performed once every 4 instruction cycles to effect a 
continuous data stream. 


JID Instruction 


JID (Jump Indirect) is an indirect addressing instruction, 
transferring program control to a new ROM location pointed 
to indirectly by A and M. It loads the lower 8 bits of the ROM 
address register PC with the contents of ROM Addressed by 
the 9-bit word, PCs, A, M. PCg is not affected by this 
instruction. 


Note That JID requires 2 instruction cycles to execute. 


LQOID Instruction 


LQID (Load Q Indirect) loads the 8-bit Q register with the 
contents of ROM pointed to by the 9-bit word PCg, A, M. 
LQID can be used for table lookup or code conversion such 
as BCD to seven-segment. The LOID instruction “pushes” 
the stack (PC + 1—--SA-— SB) and replaces the least signifi- 
cant 8 bits of PC as follows: A—»+PC7.4 RAM (B)— PC39 
leaving PCg unchanged. The ROM data pointed to by the new 
address is fetched and loaded into the Q latches. Next, the 
stack is ‘popped’ (SB—> SA—+ PC), restoring the saved value 


of PC to continue sequential program execution. Since LQID - 


pusches SA — SB, the previous contents of SB are lost. 
Also, when LQID pops the stack, the previously pushed 
contents of SA are left in SB. The net result is that the 
contents of SA are placed in SB (SA-- SB). Note that LOID 
takes two instruction cycle times to execute. 


Instruction Set Notes 


a) The first word of a ETC 9410/C 9411 program (ROM 
address 0) must be a CLRA (Clear A) instruction. 


b) Although skipped instructions are not executed, one 
instruction cycle time is devoted to skipping each byte of 
the skipped instruction. Thus all program paths except JID 
and LQID take the same number of cycle times whether 
instructions are skipped or executed. JID and LQID 
instructions take 2 cycles if executed and 1 cycle if 
skipped. 


c) The ROM is organized into 8 pages of 64 words each. The 
Program Counter is a 9-bit binary counter, and will count 
through page boundaries. If a JP, JSRP, JID or LQID 
instruction is located in the last word of a page, the 
instruction operates as ‘if it were in the next page. For 
example : a JP loated in the last word of a page will jump 
to a location in tne next page. Also, a LOID or JID located 
in the last word of page 3 or 7 will access data in the next 
group of 4 pages. 





OPTION LIST 
The ETC 9410/ETC 9411 mask-programmable options are 
assigned numbers which correspond with the ETC 9410 pins. 


The following is a list of ETC9410 options. When specifying 
aETC 941 Ichip, Options 20, 21, and 22 must be set to 0. The 
options are programmed at the same time as the ROM 
pattern to provide the user with the hardware flexibility to 
interface to various I/O components using little or no 


external circuitry. 


Option 1: 
Option 2: 


Option 3: 


Option 4: 
Option 5: 


Option 6: 
Option 7: 
Option 8 : 
Option 9: 


Option 10: 


Option 11 
Option 12 


= 0: Ground Pin. No options available. 

CKO I/O Port. Determined by Option 3 

CKI Input 

: Crystal controlled oscillator input (-- 4). 

: Single-pin RC-controlled oscillator (= 4). 
: External oscillator input (= 4). 

: Crystal oscillator input (= 8). 

: External oscillator input (- 8). 

: Crystal oscillator input (— 16). 

= 6 : External oscillator input (= 16). 

RESET Input = 1 : Hi-Z input. No option available 
Lz Driver 

= 0: Standard TRI-STATE push-pull output 

= 1: Low-current TRI-STATE push-pull output 
= 2 : Open-drain TRI-STATE output 

L Driver. (Same as Option 5.) 

Ls Driver. (Same as Option 5.). 

L4 Driver. (Same as Option 5.) 

Vec Pin. 

Lg Driver. (Same as Option 5.) 


1 ou UW th uth a 


anf Wh — 


> Lp Driver. (Same as Option5.) 
: Ly Driver. (Same as Option 5.) 


Option 13 : Lg Driver. (Same as Option 5.) 
Option 14 : Si Input. 
No option available. 
= 1: Hi-Z input 
Option 15 : SO Output. 
= 0 : Standard push-pull output. 
= 1: Low-current push-pull output. 
= 2 : Open-drain output 
Option 16 : SK Driver. (Same as Option 15.) 
Option 17 : Gg!/O Port. (Same as Option 15.) 
Option 18 : G,1/O Port. (Same as Option 15.) 


Option 19 


Option 21 
Option 22 
Option 23 
Option 24 
Option 25 


Option 26 
Option 27 
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: Go!/O Port. (Same as Option 15.) 
Option 20: 
: Dz Output. (Same as Option 15.) 
: Dp Output. (Same as Option 15.) 
: Dy Output. (Same as Option 15.) 
: DoOutput. (Same as option 15.) 
: Internal Initialization logic. 


Gy Output. (Same as Option 15.) 


= 0 : Normal operation. 
= 1: No internal initialization Logic 


: No aption available. 
: Chip Bonding 


= 0: ETC 9410: (24-pin device). 
1: ETC 9411 (20-pin device). 
2 :ETC 9410 and ETC 9411. 
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PHYSICAL DIMENSIONS 


ES 


CB-68 


(t) Nominal dimension 
(2) True geometrical position 





N SUFFIX 
PLASTIC PACKAGE 





CB-194 






(1) Nominal dimension 
(2) True geometrical position 








” 20 pins 


Y 
CB-194 
JEDEC SITELESC 


These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different products. 


N SUFFIX 
. PLASTIC PACKAGE 


Printed in France 
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ETL9410 © , ETL941 1 e ETL9310 e ETL9311 


The ETL9410 and ETL9411 Single-Chip N-Channel Microcontrol- 
lers are fully compatible with the COPS® family, fabricated using 
N-channel, silicon gate MOS technology. The Controller Oriented 
Processors are complete microcomputers containing all system 
timing, internal logic, ROM, RAM and 1!/O necessary to implement 
dedicated control functions in a variety of applications. Features 
include single supply operation, a variety of output configuration 
options, with an instruction set, internal architecture and 1!/O 
scheme designed to facilitate keyboard input, display output and 
BCD data manipulation. The ETL9411 is identical tothe ETL9410, 
but with 16 1/0 lines instead of 19. They are an appropriate choice 
for use in numerous human interface control environments. Stan- 
dard test procedures and reliable high-density fabrication techni- 
ques provide the medium to large volume customers with a 
customized Controller Oriented Processor at a low end-product 
cost. 


The ETL9310 and ETL9311 are exact functional equivalents but 
extended temperature versions of ETL9410 and ETL9411. 
respectively. 


e@Low cost 

@ Powerful instruction set 

@512 x 8 ROM. 32 x 4 RAM 

e 19 1/0 lines ETL9410 - COP 

e Two-level subroutine stack 

e@ 16s instruction time 

e@ Single supply operation (4.5 - 6.3V) 

‘@ Low current drain (6mA max.) 

elnternal binary counter register with MICROWIRE® serial 1/O 
capability 

@ General purpose and TRI-STATE® outputs 

@LSTTL/CMOS compatible in and out 

e Direct drive of LED digit and segment lines 

cali Aa compatible with other members of ET9400 
amily 

@ Extended temperature range device ETL9310 ETL9311 
(-40° C to + 85° C) 

e@ Wider supply range (4.5 - 9.5V) optionally available 


SINGLE CHIP MICROCONTROLLERS 


CASES 
ETL9410 © ETL9310 


N SUFFIX 
PLASTIC PACKAGE 
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N SUFFIX 
PLASTIC PACKAGE 


PIN ASSIGNMENT 


ETL9410 
ETL9310 
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Vcc GND CKI CKO* 
oi El El peepee aa 
CLOCK 
INSTRUCTION CLOCK (SYNC) DIVIDER GERERATOR 


RESET | 


8 PROGRAM MEMORY 


512 x 8 ROM 
ADDRESS 












DIGIT ADDRESS 

DATA MEMORY REG 
32 x 4 RAM ADDR 

OUT IN 









SKIP LOGIC SB 


9 (a 
i 22| 
ce 4 & 
: BUFFER iB 
9 Ay Als 
INSTRUCTION SA 9 
DECODE/CONTROL —_—_—_ — 


2 LEVEL STACK 


1/0 CONTROLS 


$103 SIO2 SIO1 SIO9o 


SERIAL 1/0 REGISTER 


Q 
REGISTER gi] 
L DRIVERS 


*ETL9410 pins only : 
Not available in ETL9411 
5 6 7 8 10411 112-413] 








G 
REGISTER 
& 
BUFFER 


\7 (6 tg t4 l3 t2 Lt lo 


D3* 


SK 


SO | MICROWIRE 1/0 


SI 


G3" 
G2 
Gi 
Go 


(uomsuea uld-yzZ) WYHOVIC NDO 18 — Lb AHNDIS 


LLEG/OLEG ILA © LLYG/OL P6113 
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ABSOLUTE MAXIMUM RATINGS 
Voltage at Any Pin Relative to GND -0.5V to +10V 
Ambient Operating Temperature 0°C to +70°C 
Ambient Storage Temperature -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 
Power Dissipation 
ET L 9410 0.75 Watt at 25°C 
0.4 Watt at 70°C 
ET L 9411 0.65 Watt at 25°C 
0.3 Watt at 70°C 
Total Source Current 120mA 
Total Sink Current 100mA 


Absolute maximum ratings indicate limits beyond which damage 
to the device may occur. DC and AC electrical specifications are 
not ensured when operating the device at absolute maximum 
ratings. 


DC ELECTRICAL CHARACTERISTICS 0C-<Ta<+70°C, 45V< Voc. <9.5V (Unless otherwise specified) 


a a ee 


Standard Operating Voltage (Vcc) Note 1 
Optional Operating Voltage (Voc) 


Power Supply Ripple peak to peak 
Operating Supply Current all inputs and outputs open 


Input Voltage Levels 


CKI Input Levels 
Ceramic Resonator Input (+8) 
Logic High (Viz) 
Logic Low (Vi,) 
Schmitt Trigger Input (+4) 
Logic High (Vin) 
Logic Low (Vit) 
RESET Input Levels (Schmitt Trigger Input) 
Logic High 
Logic Low 
SO Input Level (Test mode) Note 2 


All Other Inputs 
Logic High Voc = Max. 
Logic High with TTL trip level options 
Logic Low selected, Voc = 5V+5% 
Logic High with high trip level options 
Logic Low selected 
Input Capacitance 


Hi-Z Input Leakage 


Output Voltage Levels 
LSTTL Operation Voc = 5V+5% 
Logic High (Von) lon = ~25yA 
Logic Low (Vo,) lo, = 0.36mMA 


CMOS Operation 
Logic High lon = ~10uA 
Logic Low lor = +10yA 





Note 1 : Voc voltage change must be less than 0.5V in a 1 ms period to maintain proper operation. 
Note 2: SO output “0” level must be less than 0,8V for normal operation. 
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DC ELECTRICAL CHARACTERISTICS (continued) 0°C< Tax +70, 45V< VoC<95V (Unless otherwise specified) 





Output Current Levels 
Output Sink Current 
SO and SK Outputs (lo,) 














Lo-L7 Outputs, Go-Gg and 
LSTTL- Do- Dg Outputs (Io,) 










Do- D3 Outputs with High 
Current Options (io,) 










Dp-D3 Outputs with Very 
High Current Options (lo,) 











CKI (Single-pin RC oscillator) 


Output Source Current 


Standard Configuration, 
All Outputs (lop) 










Push-Pull Configuration 
SO and SK Outputs (Io) 















LED Configuration, Lo-L7 
Outputs, Low Current 
Driver Option (lo) 


LED Configuration, Lo-L7 
Outputs, High Current 
Driver Option (lon) 
TRI-STATE® Configuration, 
Lo-L7 Outputs, Low 
Current Driver Option (Io) 
TRI-STATE® Configuration, 
L)-L,.Outputs, High 
Current Driver Option (Io) 


input Load Source Current 


CKO Output 


RAM Power Supply Option 
Power Requirement 


TRI-STATE® Output Leakage 
| Current 


Total Sink Current Allowed 


All Outputs Combined 
D Port 
Ly-L4, G Port 
Lg-Lbo 
Any Other Pin 
Tota! Source Current Allowed 
All 1/0 Combined 
Ly-Ly 
L3- Lo 
Each L Pin 
Any Other Pin 
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Voc = 9.5V, Vo, = 0.4V 
Voc = 6.3V, Vo, = 0.4V 
Voc = 4.5V, Vo, = 0.4V 


Voc = 9.5V, Vo, = 0.4V 
Voc = 6.3V, Vo, = 0.4V 
Voc = 4.5V, Voy = 0.4V 


Voc = 9.5V, Voy = 1.0V 
Voc = 6.3V, Vo, = 1.0V 
Vee = 4,5V, Vot = 1.0V 


Voc = 9.5V, Voy = 1.0V 
Voc = 6.3V, Vo. = 1.0V 
Voc = 4.5V, Vo. = 1.0V 


Veo = 4.5V, Vin =3.5V 


Voc = 9.5V, Von = 2.0V 
Voc = 6.3V, Von = 2.0V 
Voc = 4.5V, Von = 2.0V 
Voc = 9.5V, Von = 4.75V 
Voc = 6.3V, Voy = 2.4V 
Voc = 4.5V, Vou = 1.0V 





Voc =.9.5V, Voy = 2.0V 
Voc = 6.0V, Vou = 2.0V 


Voc = 9.5V, Von = 2.0V 
Voc = 6.0V, Vou = 2.0V 
Voc = 9.5V, Voy = 5.5V 
Voc = 6.3V, Voy = 3.2V 
Veo = 4.5V, Voy = 1.5V 
Voc = 9.5V, Von = 5.5V 
Voc = 6.3V, Voy = 3.2V 
Voc = 4.5V, Von = 1.5V 


Voc = 5.0V, Vip = OV 
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ABSOLUTE MAXIMUM RATINGS 
Voltage at Any Pin Relative to GND ~0.5V to +10V 
Ambient Operating Temperature -40°C to +85°C 
Ambient Storage Temperature ~65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 
Power Dissipation 
ET L 9310 0.75 Watt at 25°C 
0.25 Watt at 85°C 
ET L 9311 0.65 Watt at 25°C 
0.20 Watt at 85°C 
Total Source Current 120MmA 
Total Sink Current 100mA 


Absolute maximum ratings indicate limits beyond which 
damage to the device may occur. DC and AC electrical specifica- 
tions are not ensured when operating the device at absolute 
maximum ratings. 


DC ELECTRICAL CHARACTERISTICS — 40°C-<Ta<+85°C, 45V<VoC<75N (Unless otherwise specified) 


Standard Operating Voltage (Voc) Note 1 

Optional Operating Voltage (Vcc) 

Power Supply Ripple peak to peak 

Operating Supply Current all inputs and outputs open 


Input Voltage Levels 


Ceramic Resonator Input( + 8) 
Crystal Input 
Logic High (Viy4) 
Logic Low (Vi) 
Schmitt Trigger Input (+4) 
Logic High (Vi) 
Logic Low (Vj,) 
RESET Input Levels (Schmitt Trigger Input) 
Logic High 
Logic Low 
SO Input Level (Test mode) Note 2 


All Other Inputs 
Logic High Vcc = Max. 
Logic High with TTL trip level options 
Logic Low selected, Voc = 5V+5% 
Logic High with high trip level options 
Logic Low selected 
Input Capacitance 


Hi-Z Input Leakage 


Output Voltage Levels 
LSTTL Operation Voc = 5V + 5% 
Logic High (Voy) lon = ~20pA 
Logic Low (Vo) lo. =0.36mA 


CMOS Operation 
Logic High lon = ~10uA 
Logic Low lop = +10pA 





Note 1 : Voc voltage change must be less than 0.5V in a 1 ms period to maintain proper operation. 
Note 2: SO output “0” level must be less than 0.6V for normal operation. 
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DC ELECTRICAL CHARACTERISTICS (continued) —40°C:<Ta<+85°%, 45V<VCC<7.5V (Unless otherwise specified) 


Output Current Levels 
Output Sink Current 
SO and SK Outputs (Io) 























Voc = 7.5V, Voy = 0.4V 
Vec = 5.5V, Vo, = 0.4V 
Voc = 4.5V, Vo, = 0.4V 


Vec = 7.5V, Vor = 0.4V 
Voc = 5.5V, Vo. = 0.4V 
Voc = 4.5V, Voy = 0.4V 
Vec = 7.5V, Vo, = 1.0V 
Veco = 5.5V. Vo, = 1.0V 
Voc'= 4.5V, VoL =1.0V 
Vec = 7.5V, Vo, = 1.0V 
Voc = 5.5V, Vor = 1.0V 
Voc = 4.5V, Vor = 1.0V 
Vec = 4.5V, Vin =3.5V 











Lo-L7 Outputs, Go-Gz and 
LSTTL, Do-D3 Outputs (lo) 









Do-D3'Outputs with High 
Current Options (Io,) 






Do-D3.Outputs with Very 
High Current Options (lo.) 










CKI (Single-pin RC oscillator) 


Output Source Current 


Standard Configuration, 
All Outputs (Io}) 


















Voc = 7.5V, Vox = 2.0V 
Voc = 5.5V, Vox = 2.0V 
Voc = 4.5V, Vox = 2.0V 

Voc = 7.5V, Vou = 3.75V 
Voc = 5.5V, Voy = 2.0V 
Voc = 4.5V, Vox = 1.0V 


































Push-Pull Configuration 
SO and SK Outputs (lox) 





LED Configuration, Ly-L, 
Outputs, Low Current 
Driver Option (lox) 
LED Configuration, L>-L7 
Outputs, High Current 
Driver Option (lon) 
TRI-STATE® Configuration, 
Lp-L, Outputs, Low 
Current Driver Option (lox) 
TRI-STATE® Configuration, 
Lo-L7 Outputs, High 
Current Driver Option (Io1) 
Input Load Source Current 


CKO Output 


RAM Power Supply Option 
Power Requirement - 


TRI-STATE® Output Leakage 
Current 


Total Sink Current Allowed 






Voc = 7.5V, Vou = 2.0V 













Vec = 7.5V, Von = 2.0V 
Voc = 7.5V, Vox = 4.0V 
Voc = 5.5V, Voy = 2.7V 
Voc = 4.5V, Vox = 1.5V 
Voc = 7.5V, Von = 4.0V 
Voc = 5.5V, Von = 2.7V 
Voc = 4.5V, Von = 1.5V 


Voc = 5.0V, Vi. = OV 




















All Outputs Combined mA 
D Port mA | 
L7-Ly, G Port mA 
L3-Lbo mA 
Any Other Pin mA 
Total Source Current Allowed 
All /O Combined mA 
mA 
mA 
Each L Pin mA 
Any Other Pin mA 
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AC ELECTRICAL CHARACTERISTICS 


ETL 9410/L 9411 :0°C.<Ta<+70°C, 45V <Voc <9.5V (Unless otherwise specified) 
ETL 9310/L 9311 :— 40° <Ta< +85, 4.5V < Vcc <7.5V (Unless otherwise specified) 


Instruction Cycle Time — tc 


CKI 
Input Frequency — f; 










+8 mode 
+4 mode 












Duty Cycle 
Rise Time 
Fall Time 

CKI Using RC (+4) 





f, = 0.5MHz 














R=56k2+5% 
C=100pF + 10% 





Instruction Cycle Time 
CKO as SYNC Input 
tsync 
INPUTS: 
Gg-Gpo, L7-bo 

tsetup 

tHoLo 
SI 


tsetup 
tHoLo 


OUTPUT PROPAGATION DELAY 






















Test condition: 
C, = 50pF, Ry = 20k, Voyy = 1.5V 






SO, SK Outputs 
tod1) tpdo 

All Other Outputs 

tod1: tpdo 








GND {_} 1 24 |_] Do 
CKO [| 2 23 [].D1 
cK {3 22 [J 02 
RESET {| 4 211] D3 
i7 L}5 20 [J 3 
BUS Eriggio 9p 
iU7 ETL9310 18a 





Pin Description Pin Deseription 
Lz-Ly 8 bidirectional I/O ports with SK Logic-controlled clock (or general 
TRI-STATE® © purpose output) 
G3-Go 4bidirectional /O ports (Go-Go for COP411L) CKI System oscillator input 
CKO System oscillator output (or RAM power 
D3-Do 4 general purpose outputs (D1-Dpo for supply or SYNG input) (ETL 9410 only) 
EIbearn RESET System reset input 
SI Serial input (or counter input) Voc Power supply 
SO Serial output (or general purpose output) GND Ground 
THOMSON SEMICONDUCTEURS rz 
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|+—— INSTRUCTION CYCLE TIME (tc) -—-»| 


00 LOLOL LLL LLL er 


Seas *| tpp1 






CLOCK 
Gg-Go Ly-Lo |-— tserup——> |= HOLD 
te INPUTS LUM, CLT LLL.) 
D1 —> 
G3-Go, D3- 
e oe VoH VoL 
OUTPUTS 


FIGURE 3 — INPUT/OUTPUT TIMING DIAGRAMS (CERAMIC RESONATOR DIVIDE-BY-8 MODE) 


| 


CKI 


| two 


CKO 
(INPUT) 


FIGURE 3a — SYNCHRONIZATION TIMING 


FUNCTIONAL DESCRIPTION 


A block diagram of the ET L 9410 is given in Figure 1. 
Data paths are illustrated in simplified form to depict 
how the various logic elements communicate with each 
other in implementing the instruction set of the device. 
Positive logic is used. When a bit is set, it is a logic “1” 
(greater than 2 volts). When a bit is reset, it is a logic “O” 
(less than 0.8 volts). 


All functional references to the ET L9410 / L.9411- also 
apply to the ETL 9310 / L 9311... 


Program Memory 


Program Memory consists of a 512-byte ROM. 

As can be seen by an examination of the ET L9410/L 
9411 instruction set, these words may be program ins- 
tructions, program data or ROM addressing data. 
Because of the special characteristics associated with 
the JP, JSRP, JID and LQID instructions, ROM must 
often be thought of as being organized into 8 pages of 
64 words each. . 


ROM addressing is accomplished by a 9-bit PC register. 
Its binary value selects one of the 512 8-bit words 
contained in ROM. A new address is loaded into the PC 
register during each instruction cycle. Unless the ins- 
truction is a transfer of control instruction, the PC regis- 
ter is loaded with the next sequential 9-bit binary count 
value. Two levels of subroutine nesting are implemen- 
ted by the 9-bit subroutine save registers, SA and SB, 
povding a last-in, first-out (LIFO) hardware subroutine 
stack. 


ROM instruction words are fetched, decoded and exe- 
cuted by the instruction Decode, Control and Skip Logic 
circuitry. 


Data Memory 


Data memory consists of a 128-bit RAM, organized as 4 
data registers of 8 4-bit digits. RAM addressing is 
implemented by a 6-bit B register whose upper 2 bits 
(Br) select 1 of 4 data registers and lower 3 bits of the 
4-bit Bd select 1 of 8 4-bit digits in the selected data 


register. While the 4-bit contents of the selected RAM 
digit (M) is usually loaded into or from, or exchanged 
with, the A register (accumulator), it may also be loaded 
into the Q latches or loaded from the L ports. RAM 


addressing may also be performed directly by the XAD 
3, 15 instruction. The Bd register also serves as a source 
register for 4-bit data sent directly to the D outputs. 


The most significant bit of Bd is not used to select a RAM 
digit. Hence each physical digit of RAM may be selected 
by two different values of Bd as shown in Figure 4 
below. The skip condition for XIS and XDS instructions 
will be true if Bd changes between 0 and 15, but NOT 
between 7 and 8 (see Table 3). 


Bd VALUE 


RAM DIGIT 









OoO-"NWOHPADN WO 


* 


*CAN BE DIRECTLY ADDRESSED BY 
LBI INSTRUCTION (SEE TABLE 3) 


FIGURE 4 — RAM DIGIT ADDRESS 
TO PHYSICAL RAM DIGIT MAPPING 
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internal Logic 


The 4-bit A register (accumulator) is the source and des- 
tination register for most I/O, arithmetic, logic and data 
memory access operations. It can also be used to load 
the Bd portion of the B register, to load 4 bits of the 8-bit 
Q latch data, to input 4 bits of the 8-bit L I/O port data 
and to perform data exchanges with the SIO register. 


A 4-bit adder performs the arithmetic and _ logic 
functions of the ET L 9410 / L 9411, storing its results 
in A. It also Outputs a carry bit to the 1-bit C register, 
most often employed to indicate arithmetic overflow. 
The C register, in conjunction with the XAS instruction 
and the EN register, also serves to control the SK out- 
put. C can be outputted directly to SK or can enable 
SK to be a sync clock each instruction cycle time. (See 
XAS instruction and EN register description, below). 


The G register contents are outputs to 4 general- 
purpose bidirectional I/O ports. 


The Q register is an internal, latched, 8-bit register, used 
to hold data loaded from M and A, as well as 8-bit data 
from ROM. Its contents are output to the L I/O ports 
when the L drivers are enabled under program control. 
(See LEI instruction.) 


The 8 L drivers, when enabled, output the contents of 
latched Q data to the L I/O ports. Also, the contents of L 
may be read directly into A and M. L 1/O ports can be 
directly connected to the segments of a multiplexed 
LED display (using the LED Direct Drive output configu- 
ration option) with Q data being outputted to the Sa- Sg 
and decimal point segments of the display. 


The SIO register functions as a 4-bit serial-in/serial-out 
shift register or as a binary counter depending on the 
contents of the EN register. (See EN register 
description, below.) Its contents can be exchanged with 
A, allowing it to input or output a continuous serial data 
stream. SIO may also be used to provide additional 
parallel 10 by connecting SO to external serial-in/ 
parallel-out shift registers. 


The XAS instruction copies C into the SKL Latch. In the 
counter mode, SK is the output of SKL in the shift 
register mode, SK outputs SKL ANDed with internal 
instruction cycle clock. 





The EN register is an internal 4-bit register loaded under 


-program control by the LEI instruction. The state of 


each bit of this register selects or deselects the 
particular feature associated with each bit of the EN 


register (EN3-ENo). 


1. The least significant bit of the enable register, ENo, 
selects the SiO register as either a 4-bit shift register 
or a 4-bit binary counter. With ENo set, SIO ig an 
asynchronous binary counter, decrementing its value 
by one upon each low-going pulse (‘1" to ‘0"') 
occurring on the SI input. Each pulse must be at least 
two instruction cycles wide. SK outputs the value of 
SKL. The SO output is equal to the value of ENg. With 
ENo reset, SIO is a serial shift register shifting left 
each instruction cycle time. The data present at Sl 
goes into the least significant bit of SIO. SO can be 
enabled to output the most significant bit of SIO 
each cycle time. (See 4 below.) The SK output 
becomes a logic-controlled clock. 


2. EN1 is not used. It has no effect on-ET L 9410, L 
9411-operation. 


3. With ENo set, the L drivers are enabled to output the 
data in Q to the L I/O ports. Resetting ENo disables 
the L drivers, placing the L W/O ports in a high- 
impedance input state. 


4. EN3, in conjunction with ENo, affects the SO output. 
With ENg set (binary counter option selected) SO will 
output the value loaded into ENg. With ENo reset 
(serial shift register option selected), setting ENg 
enables SO as the output of the SIO shift register, 
outputting serial shifted data each instruction time. 
Resetting ENg with the serial shift register option 
selected disables SO as the shift register output: 
data continues to be shifted through SIO and can be 
exchanged with A via an XAS instruction but SO 
remains reset to “0.” Table | provides a summary of 
the modes associated with ENg and.ENo. 


Initialization 


The Reset Logic will initialize (clear) the device upon 
power-up if the power supply rise time is less than 1ms 
and greater than tus. If the power supply rise time is 
greater than 1ms, the user must provide an external RC 


Enable Register Modes — Bits EN3 and ENg 


Shift Register 


Shift Register 


Binary Counter 


Binary Counter 


Input to Shift Register 


Input to Shift Register 


Input to Binary Counter 


Input to Binary Counter 
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If SKL = 1,SK = Clock 
If SKL = 0,SK = 0 


lf SKL = 
lf SKL 


If SKL 
If SKL 


Serial Out 1,SK = Clock 


0,SK = 0 
= 1,SK = 1 
0,SK = 0 
lf SKL = 
If SKL 


1, SK 
0, SK 
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network and diode to the RESET pin as shown below 
(Figure 5). The RESET pin is configured as a Schmitt 
trigger input. If not used it should be connected to Vcc. 
Initialization will occur whenever a logic ‘‘0” is applied 
to the RESET input, provided it stays low for at least 
three instruction cycle times. 


<-HVUCH DMSOV 
+ 





RC>5xPOWER SUPPLY RISE TIME 


FIGURE 5 — POWER-UP CLEAR CIRCUIT 


Upon initialization, the PC register is cleared to 0 (ROM 
address 0) and the A, B, C, D, EN, and G registers are 
cleared. The SK output is enabled as a SYNC output, 
providing a pulse each. instruction cycle time. Data 
Memory (RAM) is not cleared upon initialization. The 
first instruction at address 0 must be a CLRA. 


CKI CKO 

ie (Vp OR N/C) 
EXTERNAL © 

CLOCK 





Voc 
(Vp OR N/C) 








Oscillator 


There are four basic clock oscillator configurations 
available as shown by Figure 6. 


a. Resonator Controlled Oscillator. CKI and CKO are 
connected to an external ceramic resonator. The 
instruction cycle frequency equals the resonator 
frequency divided by 8. This is not available in the 
ET L 9411. 


b. External Oscillator. CK! is an external clock input 
signal. The external frequency is divided by 8 to give 
the instruction frequency time. CKO is now available 


to be used as the RAM power supply (Vp), as a SYNC 
input, Or no connection. (Note: No CKO on ET L 


9411. 

c. RC Controlied Oscillator. CK! is configured as a 
single pin RC controlled Schmitt trigger oscillator. 
The instruction cycle equals the oscillation frequency 
divided by 4. CKO is available as the RAM power sup- 
ply (Vp) or no connection. 


d. Externally Synchronized Oscillator. Intended for use 
in multi-COP systems, CKO is programmed to function 
-asS an input connected to the SK output of another chip 
operating at the same frequency (chip with L or C suffix) 
with CK! connected as shown. In this configuration, the 
SK output connected to CKO must provide a SYNC (ins- 
truction cycle) signal to CKO, thereby allowing synchro- 
nous data transfer between the chips using only the SI 
and SO serial !/O pins in conjunction with the XAS ins- 
truction. Note that on power-up SK is automatically ena- 
bled as a SYNC output. {See Functional Description, Ini- 
tialization, above). This is not available in the ETL 9411. 





RC Controlled Oscillator 





Instruction 
Cycle Time 
R (kQ) C (pF) in us) 
100 19+ 15% 
56 19+ 13% 
This circuit and these values are for indication only. As Note: 200k2 > R > 25kQ 
the oscillator characteristics are not guaranteed, please 360 pF 2 C > SOpF 


consider and examine the circuit constants carefully on 
your application. 


FIGURE 6 — ETL9410 /L 9411 - OSCILLATOR 
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CKO Pin Options 


In aresonator controlled oscillator system, CKO is used 
as an output to the resonator network. As an option 
CKO can be a SYNC input as described above. As 
another option, CKO can be a RAM power supply pin 
(Vp), allowing its connection to a standby/backup power 
supply to maintain the integrity of RAM data with 
minimum power drain when the main supply is inopera- 
tive or shut down to conserve power. Using no connection 
option is appropriate in applications where the ET L 


9410 system timing configuration does not require use 
of the CKO pin. 


RAM Keep-Alive Option 


Selecting CKO as the RAM power supply (Vp) allows the 
user to shut off the chip power supply (Vcc) and maintain 
data in the RAM. To insure that RAM data integrity is 
maintained, the following conditions must be met: 


1. RESET must go low before Voc goes below spec dur- 
ing power-off; Voc must be within spec before RESET 
goes high on power-up. 


2. During normal operation, Va must be within the oper- 
ating range of the chip with (Vcc — 1) < Va < Voc. 


3. Va must be 2 3.3V with Voc off. 


10 Options 


ET L 9410 / L 9411 inputs and outputs have the fol- 
lowing optional configurations, illustrated in Figure 


7. 
Voc 
a #2 
#1 
a. Standard Output 
DISABLE Voc 
=~ #2 
#1 


d. Standard L Output 


DISABLE 


Voc 





g. TRI-STATE® Push-Pull (L Output) 


DpH 


b. Open-Drain Output 


e. Open-Drain L Output 


Voc 
#6 
A 
INPUT [ 


h. Input with Load 





a. Standard — an enhancement-mode device to ground 
in conjunction with a depletion-mode device to Vcc, 
compatible with LSTTL and CMOS input requirements. 
Available on SO, SK, and all D and G outputs. 


b. Open-Drain — an enhancement-mode device to 
ground only, allowing external pull-up as required by 
the user's application. Available on SO, SK, and all O 
and G outputs. 


c. Push-Pull — an enhancement-mode device to ground 
in conjunction with a depletion-mode device paralleled 
by an enhancement-mode device to Voc. This configu- 
ration has been provided to allow for fast rise and fall 
times when driving capacitive loads. Available on SO 
and SK outputs only. 


d. Standard L — same as a., but may be disabled. 
Available on L outputs only. 


e. Open Drain L — same as b., but may be disabled. 
Available on L outputs only. 


f. LED Direct Drive — an enhancement mode device to 
ground and to Vcc, meeting the typical current sourc- 
ing requirements of the segments of an LED display. 
The sourcing device is clamped to limit current flow. 
These devices may be turned off under program con- 
trol (see Functional Description, EN Register), placing 
the outputs in a high-impedance state to provide re- 
quired LED segment blanking for a multiplexed dis- 
play. Available on L outputs only. 


#3 , Voc 
#1 
dy #1 


c. Push-Pull Output 





41S DEPLETION DEVICE 


f. LED (L Output) 


"1 


1. Hi-Z Input 


FIGURE 7 — INPUT AND OUTPUT CONFIGURATIONS 
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g. TRI-STATE® Push-Puli — an enhancement-mode device 
to ground and Voc. These outputs are TRI-STATE® out- 
puts, allowing for connection of these outputs to a 
data bus shared by other bus drivers. Available on Ll 
outputs only. 


h. An on-chip depletion load device to Voc. 


i. A Hi-Z input which must be driven to a “es or 0” by 
external components. 


The above input and output configurations share com- 
-mon enhancement-mode and depletion-mode devices. 
Specifically, all configurations use one or more of six 
devices (numbered 1-6, respectively). Minimum and max- 
imum current (loyr and Voyr) curves are given in Figure 
8 for each of these devices to allow the designer to ef- 
fectively use these I/O configurations in designing a 
ETL 9410 / L 9411 system. 


The SO, SK outputs can be configured as shown in a., 
b., or c. The D and G outputs can be configured as 


‘ea A A A EES PSU TI EET PO TES SBS EE TEES ET PE ID TTP NE OR IO eT I SE ED ES ET SE TO ETE TTT DL NEE ETT EE ETE REE 


shown in a. or b. Note that when inputting data to the G 
ports, the G outputs should be set to “1.” The L outputs 
can be configured as in d., e., f., or g. 


An important point to remember if using configuration 
d. or f. with the L drivers is that even when the L drivers 
are disabied, the depletion load device will source a 
small amount of current. (See Figure 8, device 2.) How- 
ever, when the L port is used as input, the disabled deple- 
tion device CANNOT be relied on to source sufficient 
current to pull an input to a logic 1” 


ET L 9411 


If the ET L 9410 is bonded as a 20-pin device, it becomes 
the ET L 9411, illustrated in Figure 2, ET L 9410 / ETL 
9411 Connection Diagrams. Note that the ET L 9411 
does not contain D2, D3, G3, or CKO. Use of this option 
of course precludes use of D2, D3, G3, and CKO 
options. All other options are available for the ET L 9411. 
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LED Output Direct Segment 
and Digit Drive 

High Current Options on 
LO-L7 
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ETL 9410/L 9411 - INSTRUCTION SET 


Table 2 is asymbol table providing internal architecture, Table 3 provides the mnemonic, operand, machine, code, 
instruction operand and operational symbols used in data flow, skip conditions and description associated with 
the instruction set table. each instruction in the ET L 9410 / L 9411- instruction set. 


TABLE 2 — ETL9410 /L9411 - INSTRUCTION SET TABLE SYMBOLS 








Symbol Definition Symbol Definition 
INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS 
A 4-bit Accumulator d 4-bit Operand Field, 0 - 15 binary (RAM Digit Select) 
B 6-bit RAM Address Register r 2-bit Operand Field, 0 - 3 binary (RAM Register Select) 
Br Upper 2 bits of B (register address) a 9-bit Operand Field, 0 - 511 binary (ROM Address) 
Bd Lower 4 bits of B (digit address) y 4-bit Operand Field 0 - 15 binary (immediate Data) 
Cc 1-bit Carry Register RAMs) Contents of RAM location addressed by s 
D 4-bit Data Output Port ROM) Contents of ROM location addressed by t 
EN 4-bit Enable Register 
G 4-bit Register to latch data for G I/O Port 
L 8-bit TRISTATE I/O Port OPERA ONES MESS 
M 4-bit contents of RAM Memory pointed to by B Register + Pius 
PC 9-bit ROM Address Register (program counter) _— Minus 
Q 8-bit Register to latch data for L t/O Port > Replaces 
SA 9-bit Subroutine Save Register A <> Is exchanged with 
SB 9-bit Subroutine Save Register B = Is equal to 
SiO 4-bit Shift Register and Counter A The one’s complement of A 
SK Logic-Controlled Clock Output ® Exclusive-OR 


Range of values 


TABLE 3 — ETL9410 /L9411 - INSTRUCTION SET 





















Machine 
Hex Language Code 
Operand | Code (Binary) Data Flow Skip Conditions Description 


ARITHMETIC INSTRUCTIONS 


‘30 j00 110000] A +C + RAM(B)~- A Carry Add with Carry. Skip on 
Carry - C Carry 


Carry (y # 0) 

COMP ow 
ow 
set 
ae. 
bee 















40 lo 10 olo 00 o| (ee ll None One’s complement of A to 
A 


es 





22 l0010{0010) 
02 [0000/0010] A@ RAM(B) — A Exclusive-OR RAM with A 
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TABLE 3 — ETL9410 /L9411 - INSTRUCTION SET (continued) 


Machine 
Hex renquase Code 
Mnemonic| Operand Code (Binary) Data Flow Skip Conditions Description 


TRANSFER OF CONTROL INSTRUCTIONS 
FF 1 11 1{1 11 1] ROM (PCg.A.M) -~ Jump Indirect (Note 2) 
PC7.9 


0110)000lag a- PC 
= | 47:0 | 
: Jump within Page 
(Note 3) 































or 
[1 1| —a5-0 | 


(all other pages) 


{1 36:0 | 
Jump to Subroutine Page 


(pages 2.3 only) 
(Note 4) 


PC + 1~ SA - SB 


010 — PCg-¢ 












PC + 1-~-SA- SB 
a- PC 


Jump to Subroutine 


[01 r0|1 0olag| 
[' azo | 


01 | 48 lor odlro00] | 011000 SB — | SB~SA-PC | + PC Return from Subroutine 


RETSK crs loroolj003| 10011001 SB — SA + PC Always Skip on Return Return from Subroutine 
then Skip 


MEMORY REFERENCE INSTRUCTIONS 


33 jo0o1 1001 1| A - Q7-4 Copy A, RAM to Q 
3c [001111100] RAM(B) ~ Q3:9 


| loo{r jo1014] loo{r jo1014] r 10101 RAM(B) -- A Load RAM into A, 
Br@r — Br Exclusive-OR Br with r 






{101 1]11114] 1141111 ROM(PCg,A,M) — Load Q Indirect (Note 2) 
SA ~- SB 


lo 100]1100] | 0~ RAM(B)g Reset RAM Bit 
(010010101) | 0- RAM(B) 
[0100/0010] | 0- RAM(B)2 
(0100/0011) | O- RAM(B)3 


010031101 1 - RAM(B)o Set RAM Bit 


0100/0111 1 = RAM(B); 
0100/0110 1+ RAM(B)2 


10700]1011} | 1 RAM(B)3 


{0 11 | y ~ RAM(B) Store Memory Immediate 
Bd + 1 Bd _and Increment Bd 

[0 0} (i lo 11 o| RAM(B) -- A Exchange RAM with A, 
Br@r — Br Exclusive-OR Br with r 

0010/0011 Exchange A with RAM 

10141414} (3,15) 

loolr jo114) Olr jO111 RAM(B) -— A Bd decrements past 0 Exchange RAM with A 
Bd - 1- Bd and Decrement Bd, 
Br@r- Br Exclusive-OR Br with r 

loO|r jo100] RAM(B) = A - | Bd increments past 15 Exchange RAM with A 
Bd + 1- Bd and Increment Bd, 
Br@r -- Br Exclusive-OR Br with r 
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TABLE 3 — ETL9410 /L9411 - INSTRUCTION SET (continued) 

















Machine 
Hex Language Code 
Operand Code (Binary) Data Flow Skip Conditions Description 





REGISTER REFERENCE INSTRUCTIONS 


lo 0 | r Jid -1) | Skip until not a LBI Load B Immediate with 
(d = 0.9:15) r.d (Note 5) 
001140011 Load EN Immediate 
y (Note 6) 


l0011fo014J Skip if G is Zero 
[0010/0001] (all 4 bits) 


joo 11/001 1| Ist byte Skip if G Bit is Zero 
0000/0001 

j0001/000 1] Snd'byle 

0000j0011 

loo 01/001 1 


0000/0004} Skip if RAM Bit is Zero 
1000 1J0001| 
loooojoo14| 
00 01J0014] 












input G Ports to A 






0011j0011 
lo0 10]1010) 













Input L Ports to RAM.A 













l0011J0011J L7-4 ~ RAM(B) 
loo 10]1 110] L390 7A 






Bd -D Output Bd to D Outputs 


l00 11/001 1] 
loo 111110) 


lo 01 1J0011 1 RAM(B) -- 
loo 11/1010} 
010 lo100l1114] 1111 A+ SIO, C ~ SKL Exchange A with SIO 
(Note 2) 


Note 1 : All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are 
numbered 0 to N where 0 signifies the least significant bit (low-order, right-most bit). For example, A,indicates the most significant (left-most) 
bit of the 4-bit A register. 

Note 2 : For additional information on the operation of the XAS, JID, and LQID instructions, see below. 

Note 3 : The JP instruction allows a jump, while i in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. 
The JP instruction, otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page. 
Note 4 : A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). AJSRP may not be used when in 
pages 2 or 3. JSRP may not jump to the last word in page 2. 

Note 5 : The machine code for the lower 4 bits of the LBI instruction equals the binary value of the “d" data minus 1,e.g., to load the lower four 
bits of B (Bd) with the value 9 (1001,), the lower 4 bits of the LBI instruction equal 8 (1000>). To load 0, the lower 4 bits of the LBI instruction should 
equal) 15 (11119). 

Note 6 : Machine code for operand field y for LE! instruction should equa! the binary value to be latched into EN, where a “1” or “O" in each 

bit of EN corresponds with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN 
Register). 






Output RAM to G Ports 
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The following information is provided to assist the 
user in uderstanding the operation of several unique 
instructions and to provide notes useful to program- 
mers in writing ET L 9410 / L 9411. 


XAS Instruction 


XAS (Exchange A with SIO) exchanges the 4-bit contents 
of the accumulator with the 4-bit contents of the SIO 
register. The contents of SIO will contain serial-in/serial- 
out shift register or binary counter data, depending on 
. the value of the EN register. An XAS instruction will also 
affect the SK output. (See Functiona! Description, EN 
Register, above.) If SIO is selected as a shift register, an 
XAS instruction must be performed once every 4 instruc- 
tion cycles to effect a continuous data stream. 


JID Instruction 


JID (Jump Indirect) is an indirect addressing instruction, 

‘transferring program contro! to a new ROM location 
pointed to indirectly by A and M. It loads the lower 8 bits 
of the ROM address register PC with the contents of 
ROM addressed by the 9-bit word, PCg, A, M. PCgis not 
affected by this instruction. 


Note that JID requires 2 instruction cycles to execute. 


LQID Instruction 


LQID (Load Q Indirect) loads the 8-bit Q register with the 
contents of ROM pointed to by the 9-bit word PCg, A, M. 
LQID can be used for table lookup or code conversion 
such as BCD to seven-segment. The LQID instruction 
“pushes” the stack (PC + 1 - SA — SB) and replaces the 





least significant 8 bits of PC as follows: A ~PC7.4, 
RAM(B) + PC3, leaving PCg unchanged. The ROM data 
pointed to by the new address is fetched and loaded 
into the Q latches. Next, the stack is “popped” (SB > SA 
— PC), restoring the saved value of PC to continue 
sequential program execution. Since LQID pushes SA > 
SB, the previous contents of SB are lost. Also, when 
LQID pops the stack, the previously pushed contents of 
SA are left in SB. The net result is that the contents of 
SA are placed in SB (SA — SB). Note that LQID takes two 
instruction cycle times to execute. 


instruction Set Notes 

a. The firs word of a ET L 9410 / ET L 9411 pro- 
gram (ROM address 0) must be a CLRA (Clear A) 
instruction. 

b. Although skipped instructions are not executed, one 
instruction cycle time is devoted to skipping each 
byte of the skipped instruction. Thus all program 
paths except JID and LQID take the same number of 
cycle times whether instructions are skipped or exe- 
cuted. JID and LQID instructions take 2 cycles if exe- 
cuted and 1 cycle if skipped. 


c. The ROM is organized into 8 pages of 64 words each. 
The Program Counter is a 9-bit binary counter, and 
will count through page boundaries. If a JP, JSAP, 
JID or LQID instruction is located in the last word of 
a page, the instruction operates as if it were in the 
next page. For example: a JP located in the last word 
of a page will jump to a location in the next page. 
Also, a LQID or JID located in the last word of page 3 
or 7 will access data in the next group of 4 pages. 


COPS, MICROWIRE and TRI-STATE are registered trademarks of National Semiconductor Corp. 
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OPTION LIST 


The ET L 9410 / ET L 9411 - mask programmable 
options are assigned numbers which correspond with 
the ET L 9410 pins. 


The following is a list of ET L 9410 options. When spe- 
cifying a ET L 9411 chip, Option 2 must be set to 3, 
‘Options 20, 21, and 22 to 0. The options are program- 
med at the same time as the ROM pattern to provide 
the user with the hardware flexibility to interface to 
various |/0 components using little or no external cir- 
cuitry. 

Option 1=0: Ground Pin — no options available 
Option 2: CKO Output (no option available for ET 


L 9411) 
=0: Clock output to ceramic resonator 


=1: Pin is RAM power supply (Vj) input 
= 2: Multi-COP SYNC input 
= 3: No connection 


Option 3: CK! Input 
=0: Oscillator input divided by 8 (500 kHz max.) 
= 1: Single-pin RC controlled oscillator divided by 4 
=2: External Schmitt trigger level clock divided by 4 


Option 4: RESET Input 
=0: Load device to Voc 
=1: Hi-Z input 


Option 5: L7 Driver 
=0: Standard output 
=1: Open-drain output 
= 2: High current LED direct segment drive output 
= 3: High current TRI-STATE® push-pull output 
= 4: Low-current LED direct segment drive output 
=5: Low-current TRI-STATE® push-pull output 


Option 6: Lg Driver 
same as Option 5 
Option 7: Ls Driver 
same as Option 5 
Option 8: L4 Driver 
same as Option 5 
Option 9: Vcc Pin 
=0: 4.5V to 6.3V operation 
=1: 4.5V to 9.5V operation 
Option 10: Lg Driver 
same as Option 5 
Option 11: Lo Driver 
same as Option 5 
Option 12: Ly Driver 
same as Option 5 


Option 13: Lo Driver 
same as Option 5 


Option 14: SI Input 
=0: load device to Voc 
=1: HI-Z input 
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Option 15: SO Driver 
=0: Standard Output 
=1: Open-drain output 
=2: Push-pull output 


Option 16: SK Driver 
same as Option 15 


Option 17: Gg W/O Port 
=0: Standard output 
=1: Open-drain output 


Option 18: Gz I/O Port 
same as Option 17 


Option 19: Gg 1/0 Port 
same as Option 17 


Option 20: Gg 1/0 Port (no option available for ET L 9411) 
same as Option 17 


Option 21: Dg Output (no option available for ET L 9411) 
=0: Very-high sink current standard output 
=1: Very-high sink current open-drain output 
= 2: High sink current standard output 
= 3: High sink current open-drain output 
= 4: Standard LSTTL output (fanout = 1) 
=5: Open-drain LSTTL output (fanout = 1) 


Option 22: Dg.Output (no option available for ET L 9411) 
same as Option 21 


Option 23: Dy Output 
same.as Option 21 


Option 24:Dp Output 
same as Option 21 


Option 25: L Input Levels 
=0: Standard TTL input levels (0"’ = 0.8V, “1” = 2.0V) 
= 1: Higher voltage input levels (0” = 1.2V, 1" =3.6V) 


Option 26: G Input Levels 
same as Option 25 


Option 27: Si Input Levels 
same as Option 25 


Option 28 : Bonding 

0: ET L 9410 (24-pin device) 

1: ET L 9411 (20-pin device) 

2: Both 24- and 20-pin versions 


Test Mode (Non-Standard Operation) 


The SO output has been configured to provide for stan- 
dard test procedures for the custom-programmed ET L 
9410. With SO forced to logic ‘1’, two test modes are 
provided, depending upon the value of SI: 


a. RAM and internal Logic Test Mode (SI = 1) 
b. ROM Test Mode (Si! = 0) 


These: special test modes should not be employed by 
the user; they are intended for manufacturing test only. 
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PHYSICAL DIMENSIONS 


CB-68 


(1) Nominal dimension 
{2} True geometrical position 
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| . | SINGLE CHIP MICROCONTROLLERS 


The ETL9413 and ETL9313 Single-Chip N-Channel Microcontrol- 

lers are fully compatible with the COPS ® family, fabricated using 

N-channel, silicon gate MOS technology. The Controller Oriented 

Processors are complete microcomputers containing all system 

timing, internal logic, ROM, RAM and I/O necessary to implement 

dedicated control functions in a variety of applications. Features — 

include single supply operation, a variety of output configuration CASE 
options, with an instruction set, internal architecture and 1/O 

scheme designed to facilitate keyboard input, display output and 

BCD data manipulation. They are an appropriate choice for use in ETLO*13 / ETL9S13 
numerous human interface control environments. Standard test 

procedures and reliable high-density fabrication techniques provide 

the medium to large volume customers with a customized Controller 

Oriented Processor at a low end-product cost. 


The ETL9413 is identical to the ETL9410, but with 15 I/O lines 
instead of 19. 


The ETL9313 is exact functional equivalent but extended tempera- 
ture version of ETL9413. 


@ Low cost 

e Powerful instruction set N SUFFIX 

@ Ceramic or crystal oscillator input/output cc ca 
@512 x 8 ROM. 32 x 4 RAM 

@ Two-level subroutine stack 

e 16s instruction time 

@ Single supply operation (4.5 - 6.3V) 

@ Low current drain (6mA max.) Py pee aMeN 
@ Internal binary counter register with serial |/O capability 


@ General purpose and TRI-STATE® outputs 

e@LSTTL/CMOS compatible in and out 

@ Direct drive of LED digit and segment lines 

Soe one compatible with other members of ETL9313 
amily 

| @Extended temperature range device ETL9310 ETL9311 

(-40° C to + 85° C) 

e Wider supply range (4.5 - 9.5V) optionally available 
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OPTION LIST 


The ETL9413/ETL9313 - mask programmable 
options are assigned numbers which correspond 
with the ETL9410 pins. . 

The options are programmed at the same time as 
the ROM pattern to provide the user with the hard- 
ware flexibility to interface to various |/O compo- 
nents using little or no external circuitry. 

Option 1 = 0: Ground Pin — no options available 


Option 2: CKO Output 
= 0: Clock output to ceramic resonator 
= 1: Pin is RAM power supply (Vp) input 
= 2: Multi-COP SYNC input 
= 3: No connection 


Option 3: CKI Input 
= 0: Oscillator input divided by 8 (500 kHz max.) 
= 1: Single-pin RC controlled oscillator divided by 4 
= 2: External Schmitt trigger level clock divided by 4 


Option 4: RESET Input 
= 0: Load device to Vcc 
= 1: Hi-Z input 

Option 5: L7 Driver 
= QO: Standard output 
= 1: Open-drain output 
= 2: High current LED direct segment drive output 
= 3: High current TRI-STATE® push-pull output 
= 4: Low-current LED direct segment drive output 
= 5: Low-current TRI-STATE® push-pull output 


Option 6: Le Driver 
same as Option 5 


Option 7: Ls Driver 
same as Option 5 
Option 8: L, Driver 
same as Option 5 
Option 9: Vec¢ Pin 
= 0: 4.5 V to 6.3 V operation 
= 1: 4.5 V to 9.5 V operation 


Option 10: Ls Driver 
same as Option 5 


Option 11: Le Driver 
same as Option 5 


Option 12: L; Driver 
same as Option 5 


Option 13: Lo Driver 
same as Option 5 


Option 14: SI Input 
= 0: load device to Vcc i 
= 1: HI-Z input 
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Option 15: SO Driver 
= 0: Standard Output 
= 1: Open-drain output 
= 2: Push-pull output 
Option 16: SK Driver 
same as Option 15 


Option 17: Go!/O Port 
= 0: Standard output 
= 1: Open-drain output 


Option 18: G; I/O Port 
same as Option 17 


Option 19: G2 I/O Port 
same as Option 17 


Option 20: G3 I/O Port 
same as Option 17 


Option 21: must be set to zero 
Option 22: same as Option 21 
Option 23: same as Option 21 
Option 24: same as Option 21 


Option 25: L Input Levels 
= 0: Standard TTL input levels (‘’O"' =0.8 V, °°1”’ 
2.0 V) 3 
= 1: Higher voltage input levels (“O" =1.2V, "1" = 
3.6 V) 


Option 26: G Input Levels 
same as Option 25 


II 


Option 27: SI Input Levels 
same as Option 25 


Option 28: Bonding, must be set to 3 for ETL9413/- 
9313 


Test Mode (Non-standard Operation) 

The SO output has been configured to provide for 
standard test procedures for the custom- 
programmed ETL9413. With SO forced to logic “1”, 
two test modes are provided, depending upon the 
value of SI: 


a. RAM and Internal Logic Test Mode (SI = 1) 
b. ROM Test Mode (SI = Q) 


These special test modes should not be employed by 
the user; they are intended for manufacturing test 
only. | 








ETL9413 @ ETL9313 





The ETL9413 is the same chip as the ETL9410 but in a 20-pin package. The four D ports are not bonded. 


Consequently, the electrical characteristics, the functional description and the instruction set are identical to 
the ETL9410 but without the D outputs. Please, refer to the ETL9410/9411 data sheet. 


Note that the OBD instruction can be used but the D outputs are not available. 


These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different products. 
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Y | SINGLE CHIP MICROCONTROLLERS 











The ET9420/9421 /9422, ET9320/9321 and 9322 Single-Chip N- 
Channel Microcontrollers are fully compatible with the COPS ® 
family, fabricated using N-channel, silicon gate XMOS technology. 
They are complete microcomputers containing all system timing, 
internal logic, ROM, RAM and 1/O necessary to implement dedica- 
ted control functions in a variety of applications. Features include CASES 
single supply operation, a variety of output configuration options, 
with an instruction set, internal architecture and |/O scheme desi- ET9420 @ ET9320 
gned to facilitate keyboard input, display output and BCD data mani- 
pulation. The ET9421 is identical to the ET9420, except with 191/O 
lines instead of 23 ; the ET9422 has 15 I/O lines. They are an 
appropriate choice for use in numerous human interface control 
environments. Standard test procedures and reliable high-density 
fabrication techniques provide the medium to large volume custo- 
mers with a customized Controller Oriented Processor at a low 


N SUFFIX 
end-product cost. 


PLASTIC PACKAGE 


The ET9320 is the extended temperature range version of the 
ET9420 (likewise the ET9321 and ET9322 are the extended tempe- 
rature range versions of the ET9421/ET9422). The ET9320/9321/ 
9322 are exact functional equivalents of the ET9420/9421/9422. 


@ Low erie oie 
® Powerful instruction set — S 
e 1K x 8 ROM, 64 x 4 RAM Po ae ee 
® 23 1/0 lines (ET9420, ET9320) Eb 
@ True vectored interrupt, plus restart 
@ Three-level subroutine stack ET9422 © ET9322 
e 4.0 us instruction time 
® Single supply operation 
@ internal time-base counter for real-time processing 
@ Internal binary counter register with MICROWIRE® compatible 
serial 1/O capability 
@ General purpose and TRI-STATE®outputs N SUFFIX 
e TTL/CMOS compatible in and out PLASTIC PACKAGE 
e LED direct drive outputs 
e MICROBUS ® compatible 
© Software/hardware compatible with other members of ET9400 
@ Extended temperature range device ET9320/9321/9322 PIN ASSIGNMENT 
(-40° C to + 85° C) 


ET9420 
ET9320 
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ET9420/9421/9422 and ET9320/9321/9322 


ABSOLUTE MAXIMUM RATINGS 


Voltage at Any Pin -0.3Vto+7V Package Power Dissipation 750 MW at 25°C 
Operating Temperature Range 24 and 28 pin 400 mW at 70°C 

ET9420/9421/9422 0°C to 70°C 250mW at 85°C 

ET9320/9321 /9322 -40°C to +85°C —- Package Power Dissipation 650 mW at 25°C 
Storage Temperature Range '-65°C to + 150°C 20pin - 300 mW at 70°C 
Total Sink Current 75mA 200 mW at 85°C 
Total Source Current 95mA_ Lead Temperature (soldering, 10 sec.) 300°C 


Absolute maximum ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifi- 
cations are not ensured when operating the device at absolute maximum ratings. 


ET9420/9421/9422 
DC ELECTRICAL CHARACTERISTICS 0°C < Ta <' 70°C,4.5C < Vcc < 6.3V (Unless otherwise specified) 


Operation Voltage 
















0.4 V 
38 mA 


Peak to Peak (Note 3) 
Outputs Open 


Power Supply Ripple 






Supply Current 


Supply Current Outputs Open, 


Voc = 5V, Ty = 25°C 











Input Voltage Levels 
CK! Input Levels 
Crystal Input 
Logic High 
Logic High 
Logic Low 
TTL Input 
Logic High 
Logic Low 
Schmitt Trigger Inputs 
RESET, CKI (+4) 
Logic High 
Logic Low 
SO Input Level (Test Mode) 
All Other Inputs 
Logic High 
Logic High 
Logic Low 
Input Levels High Trip Option 
Logic High 
Logic Low 






Vec = Max. 
Voc = 5V +5% 







Vec = 5V + 5% 














Vec = Max. 
Veco = 5V + 5% 











| Input Load Source Current 
CKO 
All Others 


Input Capacitance 
Hi-Z input Leakage 


Veo = 5V, Vin =OV 












Output Voltage levels 
Standard Outputs 
TTL Operation 





















Vec = 5V + 5% 












Logic High lon =—100yA V 
Logic Low lo. =1.6mA V 
CMOS Operation 
Logic High lon = —10pA V 
——_________- THOMSON SEMICONDUCTEURS 3/23 
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ET9420/9421/9422 


DC ELECTRICAL CHARACTERISTICS (Cont'd) 0°C < Ta < +70°C, 4.5V < Vcc < 6.3V (Unless otherwise specified) 


_ Parameter Conditions . Min. | = Max. =| Units 


Output Current Levels 
LED Direct Drive Output 


Logic High mA 
CKI Sink Current (R/C Option) mA 
CKO (RAM Supply Current) mA 
TRI-STATE® or Open Drain 
Leakage Current pA 
Output Current Levels 
Output Sink Current (Io,) Veco = 6.3V, Vo, = 0.4V : mA 
Voc = 4.5V, Vor =0.4V ‘ mA 
Output Source Current (lo) 
Standard Configuration 
All Outputs Voc =6.3V, Von = 3.0V pA 
Vec = 4.5V, Von = 2.0V pA 
Push-Pull Configuration . 
SO, SK Outputs Voc = 6.3V, Von = 3.0V , mA 
Voc = 4.5V, Vou =2.0V A mA 
TRI-STATE Configuration . 
Lo-L7 Outputs Voc = 6.3V, Von = 3.0V | : MA 
Vec = 4.5V, Vou = 2.0V . mA 
LED Configuration mm . 
Lo-L7 Outputs Voc = 6.3V, Vox = 3.0V : : mA 
Vec = 4,5V, Von =2.0V : mA 
Allowable Sink Current 
Per Pin (L, D, G) mA 
Per Pin (All Others) mA 
Per Port (L) mA 
Per Port (D, G) mA 
Allowable Source Current 
Per Pin (L) mA 
Per Pin (All Others) mA 
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ET9320/9321/9322 


DC ELECTRICAL CHARACTERISTICS - 40° < Ta < +85°C, 4.5V < Vcc < 5.5V (Unless otherwise specified). 








Parameter Conditions Min. 







Operation Voitage 






Power Supply Ripple Peak to Peak (Note 3) 


Supply Current Ta = ~40°C, Outputs Open 


Input Voltage Levels 
CKI Input Levels 
Crystal Input 
Logic High 
Logic Low 
TTL Input 
Logic High 
Logic Low 
Schmitt Trigger Inputs 
RESET, CKI (+4) 
Logic High 
Logic Low 
SO Input Level (Test Mode) 
All Other Inputs 
Logic High 
Logic High 
Logic Low 
Input Levels High Trip Option 
Logic High 
Logic Low 


















Veco = 5V + 5% 






















Voc = Max. 
Voc =5V+5% 















Input Load Source Current 
CKO 
All Others 


Input Capacitance 


Voc = 5V, Vin =0V 











Hi-Z Input Leakage 


Output Voltage levels 
Standard Outputs 
TTL Operation 


























Voc = 5V + 5% 


































Logic High loo = —75yA V 
Logic Low lo. = 1.6mMA V 
CMOS Operation 
Logic High lon = —10yuA V 
Logic Low lo, = 10uA V 
Output Current Levels 
LED Direct Drive Output Voc = 5V (Note 4) 
Logic High Von = 2.0V mA 
CKI Sink Current (R/C Option) Vin = 3.5V mA 
CKO (RAM Supply Current) Vp = 3.3V mA 
TRI-STATE* or Open Drain 
Leakage Current Voc = 5V uA 
Allowable Sink Current 
Per Pin (L, D, G) 10 mA 
Per Pin (All Others) 2 mA 
Per Port (L) 16 mA 
-Per Port (D, G) 10 mA 
Allowable Source Current 
Per Pin (L) -15 mA 
Per Pin (All Others) -1.5 mA 
THOMSON SEMICONDUCTEURS vanait 
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AC ELECTRICAL CHARACTERISTICS 


ET9420/9421/9422 OC < Ta < +70°C, 
ET9320/9321/9322 -~ 40°C < Ta < +8 


SV < VCC < 6.3V (Unless otherwise specified) 
'C, 4.5V < Voc < 5.5V (Unless otherwise specified) 


Instruction Cycle Time 


Operating CKI Frequency +16 mode 
+8 mode 
CKI Duty Cycle (Note 1) 
Rise Time . Freq. = 4MHz 
Fall Time Freq. =4MHz 
CKI Using RC (Figure 8c) +4 mode 
Frequency R=15k2+5%, C= 100pF + 10% 
Instruction Cycle Time . 
CKO as SYNC input (Figure 8d) 
tsvnc Figure 3a 
Inputs: 
Sl 
tsetup 


tHotp 
All Other Inputs 
tsetup 
toto 
Output Propagation Delay Test Conditicns: 
R, = 5kQ, C, =50pF, Voyr = 1.5V 
SO and SK 
tod 
todo 
CKO 
tod1 
todo 
All Other Outputs 
tod1 
todo | 
MICROBUS ® Timing C, = 100PF, Veg =5V 5% 
_Read Operation (Figure 4) 
Chip Select Stable before RD—tcsr 
Chip Select Hold Time for RD —tacs 
RD Pulse Width—tar 
Data Delay from RD—tap 
RD to Data Floating — tor 


Write Operation (Figure 5) 
Chip Select Stable before WR—tcsw 
Chip Select Hold Time for WR—twes 
WR Pulse Width—twy 
Data Set-Up Time for WR—tow 
Data Hold Time for WR—two 
INTR Transition Time from WR—tyw; 





Note 1: Duty cycle = tw, (tw; + two). 

Note 2 : See Figure 9 for additional |/O characteristics. 

Note 3 : Voltage change must be less than 0.5 volt in a 1 ms period. 

Note 4: Exercise great care not to exceed maximum device power dissipation limits when direct driving LEDs (or sourcing similar loads) at 
high temperature. : 


6/23 
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FIGURE 2 — CONNECTION DIAGRAMS 








GND . 281} po 
CKO 271] 01 
CKI 26[ ] v2 
RESET 251] ps3 
L7 241] G3 CKO GND 
L6 231 | G2 CKI D2 
L5 ET 9420 22() ai : RESET D3 
L4 211} Go ET 9421 L7 G3 
IN1 20 [_} IN3 ET 9821 L6 G2 
IN2 197] INo L5 a ete Si 
Vcc 18 LJ sk L4 ie) 
L3 171} so Voc SI 
L2 16{] SI L3 LO 
1 151} Lo 2 | | 10 L1 
Order number ET9420/N ET9320/N Order number ET9421/N, ET9321/N Order number ET9422/N ET9322/N 
Package N28A Package N24A Package N20A 
Pin Description Pin Description 
L7-Lbo 8 bidirectional I/O ports with TRI-STATE ® SK Logic-controlied clock (or general 
G3-Go 4 bidirectional /O ports purpose output) 
omen 4 general purpose outputs CKi System oscillator .Aput 
IN3-!No ae nese purpose inputs (ET9420/9320 CKO peed ga neo Saeed 
S| Serial input (or counter input) RESET System reset input 
SO Serial output (or general purpose output) Voc Power supply 


GND Ground 


|+ INSTRUCTION CYCLE TIME (c) ——+ 
ot JSUT 


SK (AS A 7 


CLOCK) 
IN3-INo, 


}=—'sETUP—*]| }*—-tHOLD 
G3-Go, L7-Lo, : 


CKO & SI ———— eee ee it 
INPUTS nase ‘PD1 —~ t+ ‘PDO 
G3-Go, D3-Do, VOH VOL 
L7-Lo, SO, SK 


OUTPUTS 








FIGURE 3 — INPUT/OUTPUT TIMING DIAGRAMS (CRYSTAL DIVIDE BY 16 MODE) 


—1 t'wo 


—-| ke twi—!_ |= tsyYnc- | | 


cko. \ 
(INPUT) 
cal --  —+|__ j+- tppo 


FIGURE 3a — SYNCHRONIZATION TIMING FIGURE 3b — CKO OUTPUT TIMING 
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(IND) cs 
(IN 4) RO 


(k7-LQ) 07-D0 


(INQ) cs 
(IN3) WR 
(L7-LQ) 07-00 
(GQ) INTR 











FIGURE 5 — MICROBUS ® WRITE OPERATION TIMING 


FUNCTIONAL DESCRIPTION 


For ease of reading this description, only ET9420 and. 
or ET9421 are referenced ; however, all such references 
apply equally to the ET9422, 9322, 9320 and. or ET9321, 


respectively. 


A block diagram of the ET9420 is given in figure 1. Data 
paths are illustrated in simplified form to depict how the 
various logic elements communicate with each other in 
implementing the instruction set of the device. Positive 
logic is used. When a bit is set, it is a logic 1" (greater 
than 2 volts). When a bit is reset, it is a logic "0" (less 
than 0.8 volts). 


Program Memory | 


Programm Memory consists of a 1.024 byte ROM. As can be 
seen by an examination of the ET9420/9421 /9422 instruc- 
tion set, these words may be program instructions, program 
data or ROM addressing data. Because of the special charac- 
teristics associated with the JP, JSRP, JID and LQID instruc- 
tions, ROM must often be thought of as being organized into 
16 pages of 64 words each. 


ROM addressing is accomplished by a 10-bit PC 
register. Its binary value selects one of the 1,024 8-bit 
words contained in ROM. A new address is loaded into 
the PC register during each instruction cycle. Unless 
the instruction is a transfer of control instruction, the 
PC register is loaded with the next sequential 10-bit 
binary count value. three levels of subroutine nesting 
are implemented by the 10-bit subroutine save registers, 
SA, SB and SC, providing a last-in, first-out (LIFO) 
hardware subroutine stack. 


ROM instruction words are fetched, decoded and exe- 
cuted by the Instruction Decode, Control and Skip Logic 
Circuitry. 


Data Memory 


Data memory consists of a 256-bit RAM, organized as 4 
data registers of 16 4-bit digits. RAM addressing is 
implemented by a 6-bit B register whose upper 2 bits (Br) 
select 1 of 4 data registers and lower 4 bits (Bd) select 1 
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of 16 4-bit digits in the selected daia register. While the 
4-bit contents of tne selected RAM digit (M) is usually 
loaded into or from, or exchanged with, the A register 
(accumulator), it may also be loaded into or from the Q 
latches or loaded from the L ports. RAM addressing 
may also be performed directly by the LDD and XAD 
instructions based upon the 6-bit contents of the > 
operand field of these instructions. The Bd register also 
serves as a source register for 4-bit data sent directly to 
the D outputs. 


internal Logic 


The 4-bit A register (accumulator) is the source and 
destination register for most 1/O, arithmetic, logic and 
data memory access operations. It can also be used to 
load the Br and Bd portions of the B register, to load and 
input 4 bits of the 8-bit Qlatch data, to input 4 bits of the 
8-bit L 1/O port data and to perform data exchanges with 
the SIO register. 


A 4-bit adder performs the arithmetic and logic functions of 
the ET9420/9421/9422, storing its results in A. It also out- 
puts a carry bit to the 1-bit C register, most often employed to 
indicate arithmetic overflow. The C register, in conjunction 
with the XAS instruction and the EN register, also serves to 
control the SK output. C can be outputted directly to SK or can 
enable SK to be a sync clock each instruction cycle time. (See 
XAS instruction and EN register description, below). 


Four general-purpose inputs, IN3-INo, are provided; INq, 
IN2 and INgmay be selected, by a mask-programmable 
option, as Read Strobe, Chip Select and Write Strobe 
inputs, respectively, for use in MICROBUS® appli- 
cations. 


The D register provides 4 general-purpose outputs and 
is used as the destination register for the 4-bit contents 
of Bd. | 


The G register contents are outputs to 4 general-purpose 
bidirectional I/O ports. Gg may be mask-programmed as 
an output for MICROBUS® applications. 
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The Q register is an internal, latched, 8-bit register, used 
to hold data loaded to or from M and A, as well as 8-bit 
data from ROM. Its contents are output to the L 1/O 
ports when the L drivers are enabled under program 
control. (See LEI! instruction). With the MICROBUS™ 
option selected, Q can also be loaded with the 8-bit 
contents of the L I/O ports upon the occurence of a 
write strobe from the host CPU. 


The 8 L drivers when enabled, output the contents of 
latched Q data to the L 1/O ports. Aliso. the contents of L 
may be read directly into A and M. As explained above, 
the MICROBUS™ option allows L 1/O port data to be 
latched into the Q register. L I/O ports can be directly 
connected to the segments of a multiplexed LED display 
(using the LED Direct Drive output configuration option) 
with Q data being outputted to the Sa-Sg and decimal 
point segments of the display. 


The SIO register functions as a 4-bit serial-in/serial-out 
shift register or as a binary counter depending on the 
contents of the EN register. (See EN register description, 
below.) Its contents can be exchanged with A, allowing 
it to Input or output a continuous seria! data stream. 
SIO may also be used to provide additional parallel I/O 
by connecting SO to external serial-in/parallel-out shift 
registers. 


The XAS instruction copies C into the SKL latch. In the 
counter mode, SK is the output of SKL; in the shift 
register modé, SK outputs SKL ANDed with the clock. 


The EN register is an internal 4-bit register loaded under. 


program control by the LEI instruction. The state of 
each bit of this register selects or deselects the 
particular feature associated with each bit of the EN 
register (EN3-ENo). 





1. The least significant bit of the enable register, ENo, 
selects the SIO register as either a 4-bit shift register 
or a 4-bit binary counter. With ENg set, SIO is an 
asynchronous binary counter, decrementing its value 
by one upon each low-going pulse (‘1 to “0"’) 
ocurring on the Sl input. Each pulse must be at least 
two instruction cycles wide. SK outputs the value of 
SKL. The SO output is equal to the value of EN3. With 
ENg reset, SIO is a serial shift register shifting left 
each instruction cycle time. The data present at Sl 
goes into the least significant bit of SIO. SO can be 
enabled to output the most significant bit of SIO 
each cycle time. (See 4 below.) Tre SK output becomes 
a logic-controlled clock. 


2. With EN1 set the IN1 input is enabled as an interrupt 


input. Immediately following an interrupt, EN1 is 
reset to disable further interrupts. 


3. With ENo set, the L drivers are enabled to output the 


data in Q to the L I/O ports. Resetting ENo disables 
the L drivers, placing the L I/O ports in a high- 
impedance input state. 


4. EN3, in conjunction with ENo, affects the SO output. 


With ENo set (binary counter option selected) SO will 
output the value loaded into EN3. With ENo reset 
(serial shift register option selected), setting EN3 
enables SO as the output of the SiO shift register, 
outputting serial shifted data each instruction time. 
Resetting EN3 with the serial shift register option 
selected disables SO as the shift register output; 
data continues to be shifted through SIO and can be 
exchanged with A via an XAS instruction but SO 
remains reset to “0.’’ The table below provides a 
summary of the modes associated with ENg and ENo. 


Enable Register Modes — Bits EN3 and ENo 


Shift Register 


Shift Register 


Binary Counter 


Binary Counter 








Input to Shift Register 
Input to Shift Register 
Input to Binary Counter 


Input to Binary Counter 
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If SKL= 1,SK = CLOCK 
lf SKL = 0, SK = 0 


Serial Out lf SKL = 


If SKL = 


1,SK = CLOCK 
0,SK = 0 


If SKL = 
If SKL 


1,SK = 1 
= 0,SK = 0 
if SKL = 
lf SKL = 


1, SK 
0, SK 
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interrupt 


The following features are associated with the IN, 
interrupt procedure and protocol and must be consi- 
dered by the programmer when utilizing interrupts. 


a. The interrupt, once acknowledged as explained 
below, pushes the next sequential program counter 
address (PC + 1) onto the stack, pushing in turn the 
contents of the other subroutine-save registers to the 
next lower level (PC +1 —- SA ~ SB — SC). Any 
previous contents of SC are lost. The program counter 
is set to hex address OFF (the last word of page 3) 
and EN; is reset. 

b. An interrupt will be acknowledged only after the 
following conditions are met: 


1. ENy has been set. 


2. Alow-going pulse (‘'1"’ to ‘0"’) at least two instruc- 
tion cycles wide occurs on the INz input. 


3. A currently executing instruction has been com- 
pleted. 


4. All successive transfer of control instructions and 
successive LBls have been completed (e.g., if the 
main program is executing a JP instruction which 
transfers program control to another JP instruction, 
the interrupt will not be acknowledged until the 
second JP instruction has been executed. 


c. Lipon acknowledgement of an interrupt, the skip 
logic status is saved and later restored upon popping 

' of the stack. For example, if an interrupt occurs 
during the execution of ASC (Add with Carry, Skip on 
Carry) instruction which results in carry, the skip 
logic status is saved and program control is trans- 
ferred to the interrupt servicing routine at hex 
address OFF. At the end of the interrupt routine, a 
RET instruction is executed to “pep” the stack and 
return program control to the instruction following 
the original ASC. At this time, the skip logic is 
enabled and skips this instruction because of the 
previous ASC carry. Subroutines and LQID instruc- 
tions should not be nested within the interrupt ser- 
vice routine, since their popping the stack will enable 
any previously saved main program skips, interfering 
with the orderly execution of the interrupt routine. 


d. The first instruction of the interrupt routine at hex 
address OFF must be a NOP. 


e. A LEI instruction can be put immediately before the 
RET to re-enable interrupts. 


Microbus® interface 


The ET9420 has an option which allows it to be used as 
a peripheral microprocessor device. inputting and out- 
putting data from and to a host microprocessor (uP). 
INy, INg and INg general purpose inputs become 
MICROBUS® compatible read-strobe, chip-select, and 
write-strobe lines, respectively. IN; becomes RD — a 
logic ‘‘0" on this input wil! cause Q latch data to be 
enabled to the L ports for input to the uP. INo becomes 
CS — a logic 0" on this line selects the ET9420 as the 
uP peripheral device by enabling the operation of the RD 
and WR lines and allows for the selection of one of 
several peripheral components. IN3 becomes WR — a 
logic ‘‘0"' on this line will write bus data from the L ports 
to the Q latches for input to the ET9420. Gg becomes 
INTR a ‘‘ready”’ output, reset by a write pulse from the 
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uP on the WR line, providing the “handshaking capability 
necessary for asynchronous data transfer between the 
host CPU and the ET9420. 


This option has been designed for compatibility with 
National's MICROBUS™ — a standard interconnect 
system for 8-bit parallel data transfer between MOS/LSI 
CPUs and interfacing devices. (See MICROBUS™ 
National Publication.) The functioning and timing rela- 
tionships between the ET9420 signal lines affected by 
this option are as specified for the MICROBUS ® inter- 
face, and are given in the AC electrical characteristics 
and shown in the timing diagrams (figures 4 and 5). 
Connection of the ET9420 to the MICROBUS ® is 
shown in Figure 6. 

POWER 

SUPPLY CLOCK 


ac 
2) 
D 
” 
WW 
O 
Oo 
rd 
a. 
re) 
rg 
Q 
= 





RESET 
FIGURE 6 — MICROBUS® OPTION INTERCONNECT 


Initialization 


The Reset Logic, internal to the ET9420/9421/9422, will 
initialize (clear) the device upon power-up if the power supply 
rise time is less than 1ms and greater than tus. If the 
power supply rise time is greater than 1ms, the user 
must provide an external RC network and diode to the 
RESET pin as shown below. The RESET pin is configured 
as a Schmitt trigger input. If not used it should be con- 
nected to Voc. Initialization will occur whenever a logic 
“0” is applied to the RESET input, provided it stays low 
for at least three instruction cycle times. 





Upon initialization, the PC register is cleared to 0 (ROM 
address 0) and the A, B, C, D, EN, and G registers are 
cleared. The SK output is enabled as a SYNC output, 
providing a pulse each instruction cycle time. Data 
Memory (RAM) is not cleared upon initialization. The 
first instruction at address 0 must be a CLRA. 
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FIGURE 7 — POWER-UP CLEAR CIRCUIT 
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Oscillator 


There are four basic clock oscillator configurations 
available as shown by figure 8. 


a. Crystal Controlled Oscillator. CK! and CKO are 
connected to an external crystal. The instruction 
cycle time equals the crystal frequency divided by 16 
(optional by 8). 


b. External Oscillator. CKi ts an external clock input 
Signal. The external frequency is divided by 16 
(optional by 8) to give the instruction cycle time. CKO 
iS Now available to be used as the RAM power supply 
(Va) Or aS a general purpose input. 


c. RC Controlled Oscillator. CK! is configured as a 
single pin RC controlled Schmitt trigger oscillator. 
The instruction cycle equals the oscillation frequency 
divided by 4. CKO is available for non-timing func- 
tions. 


d. Externally Synchronized Oscillator. Intended for use in 
multi-COP systems, CKO is programmed to function as an 
input connected to the SK output of another ET9420/- 
9421/9422 with CKI connected as shown. In this configu- 
ration, the SK output connected to CKO.must provide a 
SYNC (instruction cycle) signal to CKO, thereby allowing 
synchronous data transfer between the COPs using only 
the Si and SO serial I/O pins in conjunction with the XAS 
instruction. Note that on power-up SK is automatically 
enabled as a SYNC output (See Functional Description, 
Initialization, above). 


SLP (Vp OR GENERAL 
EXTERNAL PURPOSE INPUT T 
CLOCK PIN) 





External Oscillator 


Crystal Oscillator 


Crystal Oscillator 


Crystal Component Values 


Value R1 (82) R2 (82) C (pF) 
4MHz | 
3.58 MHz 
2.09 MHz 
















CKO 


Voc { 


(Vp OR GENERAL 
PURPOSE INPUT 


RC Controlled Oscillator 





CKO Pin Options 


In a crystal controlled oscillator system, CKO is used as an 
Output to the crystal network. As an option CKO can be a 
SYNC input as described above. As another option CKO can 
be a general purpose input, read into bit 2 of A (accumulator) 
upon execution of an INILinstruction. As another option, CKO 
can be a RAM power supply pin (Vp), allowing its connection 
to a standby/backup power supply to maintain the integrity of 
RAM data with minimum power drain when the main supply 
iS inoperative or shut down to conserve power. Using either 
option is appropriate in applications where the ET9420/- 
9421/9422 system timing configuration does not require 
use of the CKO pin. 


RAM Keep-Alive Option (Not available on ET9422) 


Selecting CKO as the RAM power supply (Vag) allows the 
user to shut off the chip power supply (Vcc) and 
maintain data in the RAM. To insure that RAM data 
integrity Is maintained, the following conditions must 
be met: 


1. RESET must go low before Voc goes below spec during 
power off; Vcc must be within spec before RESET goes 
high on power up. 





2. Va must be within the operating range of the chip, 
and equal to Vc¢c + 1V during normal operation. 


3. Va must be >3.3V with Voc off. 


(SYNC) 











CKO 
SK 


CKI CKO 





PIN) 





ET9420/9421/ 
9422 
ET9420/9421/ 
9422 


Externally Synchronized Oscillator 


RC Controlled Oscillator 


instruction 
Cycle Time 
R (kS2) C (pF) (us) 


5+ 20% 
5.3+23% 
8+ 29% 
8.6 + 16° 





Note: 50k2 = R = 5k 
360 pF > C 2 50pF 


FIGURE 8 — ET9420/9421/9422/ET9320/9321/9322 OSCILLATOR 
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VO Options 


ET9420/9421/9422 outputs have the following optional 
configurations, illustrated in Figure Qa : 


a. Standard — an enhancement mode device to ground 
in conjunction with a depletion-mode device to Vcc, 
compatible with TTL and CMOS input requirements. 
Available on SO, SK, and all D and G outputs. 


b. Open-Drain — an enhancement-mode device to 
ground only, allowing external pull-up as required by 
the user's application. Available on SO, SK, and all D 
and G outputs. 


c. Push-Pull — An enhancement-mode device to ground 
in conjunction with a depletion-mode device paralleled 
by an enhancement-mode device to Vcc. This configu- 
ration has been provided to allow for fast rise and fall 
times when driving capacitive loads. Available on SO 
and SK outputs only. 

d. Standard L — same as a., but may be disabled. 
Available on L outputs only. 

e. Open Drain L — same as b., but may be disabied. 
Available on L outputs only. 

f. LED Direct Drive — an enhancement-mode device to 
ground and to Vcc, meeting the .typical current 
sourcing requirements of the segments of an LED 
display. The sourcing device is clamped to limit 
current flow. These devices may he turned off under 
program control (See Functional Description, EN 
Register), placing the outputs in a high-impedance 
State to provide required LED segment blanking fora 
multiplexed display. 

g. TRI-SSTATE® Push-Pull — an enhancement-mode de- 
vice to ground and Vcc. These outputs are TRI-STATE 
‘Outputs, allowing for connection of these outputs to 
a data bus shared by other bus drivers. 


ET9420/9421/9422 inputs have the following optional 
configurations : 


Vec 
a #2 
# 1 
a. Standard. Output 


DISABLE 


Pee 


d. Standard L Output 


DISABLE 


ree 


g. TRI-STATE Push-Pull (L Output) 


INPUT 


b. Open-Drain Output . 


DISABLE 


e. Open-Drain L Output 


h. Input with Load 


h. An on-chip depletion load device to Voc 


i. A Hi-Z input which rmnust be driven toa‘ “9” 
external components. 


by 


The above input and output configurations share com- 
mon enhancement-mode and depletion-mode devices. 
Specifically, all configurations use one or more of six 
devices (numbered 1-6, respectively). Minimum and 
maximum current (Igyt and Vout) Curves are given in 
Figure 9b for each of these devices to allow the 
designer to effectively use these I/O configurations in 
designing a ET9420/9421/9422 system. 


The SO, SK outputs can be configured as shown in a., 
b., or c. The D and G outputs can be configured as 
shown in a. or b. Note that when inputting data to the G 
ports, the G outputs should be set to 1." The L outputs 
can be configured as in d.,@., f. or g. 


An important point to remember if using configuration 
d. or f. with the L drivers is that even when the L drivers 
are disabled, the depletion load device will source a 
small amount of current (see Figure 9b, device 2): 
however, when the L lines are used as inputs, the 
disabled depletion device can not be relied on to source 
sufficient current to pull an input to logic “1". 


ET9421 


lf the ET9420 is bonded as a 24-pin device, it becomes the 
ET9421, illustrated in Figure 2, ET9420/9421 Connection 
Diagrams. Note that the ET9421 does not contain the four 
general purpose IN inputs (IN3-INo). Use of this option 
preciudes, of course, use of the IN options, interrupt fea- 
ture, and the MICROBUS™ option which uses INy-IN3. 
All other options are available for the ET9421. 


ET9422 


If the ET9420 is bonded as a 20-pin device, it becomes the 
ET9422, as illustrated in Figure 2. Note that the ETL9422 
contains all the ET9421 pins except DO, D1, GO and G1. 
ET9422 also does not allow RAM power supply input as a 
valid CKO pin option. 





c. Push-Pull Output 


DISABLE 





(AlS DEPLETION DEVICE) 


f. LED (L Output) ~ 


Voc 
- ai INPUT X}——-—4 off 


i. Hi-Z input 


FIGURE 9a — INPUT/OUTPUT CONFIGURATIONS 
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L Output Depletion 
Output Sink Current Load OFF Source Current 
Voc =6.3V (MAX) 
Vcc =4.5¥ (MAX) 
i 


¢ =6.3V (MIN) | 


lout (mA) 








Vout (VOLTS) DEVICE } 
Vout (VOLTS) DEVICE 2 
Standard Output 
Source Current Push-Pull Source Current 
- 2.0 




















tout (mA) 







lj 
is oe 
r\ Vmax ae 
45 
TERA 
3 4 


~ 
— 













5 6 ? 
Vout (VOLTS) DEVICE 2 Vout (VOLTS) DEVICE 3 AND 2 
LED Output Direcx 
LED Output Source Current LED Drive 










— 20 ~18 
D4 we Se ee ee ee 
“ET Nee: Saviano | a SPR , 
Pe ee ei ha det bes 
ENN ra 
7-" Th o"N Zo Za 
= SC et 
— = o 
a Geum oe 
a. \ A es 
of a Ole letese 
call SE ies aaa 
“4 2 4 5 6 7 8 4.§ 5 5.5 6 6.5 
Vout (VOLTS) DEVICE 4 AND 2 Vcc (VOLTS) DEVICE 4AND2 
TRI-STATE ® Output 
Source Current Input Load Source Current 


a B.3V (MAX) 
4.5 (MAX) 


Vec «4.5 (MAX) 
Vee * 6.3V (MIN) 


Vcc « 4.6V (MIN) 





a i i ee Vour (VOLTS) DEVICE 6 
Vour (VOLTS) DEVICE § 


FIGURE 9b — ET9420/9421/9422 INPUT/OUTPUT CHARACTERISTICS 
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L Output Depletion 
Output Sink Current Load OFF Source Current 


lout (mA) 


lout (mA) 








0 1 2 3 4 5 6 


0 1 2 3 4 § 6 
Vout (VOLTS) DEVICE 1 Vout (VOLTS) DEVICE 2 
Standard Output Push-Pull Source Current 


fe Source Current 


lout (mA) 


Rae 
AAV 
ANZ | 
RN 


VOUT (VOLTS) OEVICE 2 AND 3 


lout (mA) 





Vout (VOLTS) DEVICE 2 LED Output Device LED Drive — 


LED Output Source Current 


tout (mA) 
lout (mA) 





2 3 4 5 8 
Vour (VOLTS) DEVICE 4 AND 2 0 
40 45 5.0 55 60 


TRI-STATE ® Output | Voc (VOLTS) DEVICE 4 AND 2 
Source Current 





Input Load Source Current 


tour (mA) 





Vout (VOLTS) DEVICE 5 Vout (VOLTS) DEVICE 6 


FIGURE 9c — ET9320/9321/9322 INPUT/OUTPUT CHARACTERISTICS 
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INSTRUCTION SET 


Table 2 provides the mnemonic, operand, machine 
code, data flow, skip conditions, and description asso- 
ciated with each instruction in the ET9420/9421/9422 
INStruCTION Set. 


Table 1is asymbol table providing imernal architecture, 
instruction operand and operational symbols used in 
the instruction set table. 


TABLE 2 — ET9420/9421/9422. ET9320/9321/9322 INSTRUCTION SET TABLE SYMBOLS 











Symbol Definition Symbol Definition 
INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS 
A 4-bit Accumulator d 4-bit Operand Field, 0- 15 binary (RAM Digit 
B 6-bit RAM Address Register Select) 
Br Upper 2 bits of B (register address) 2-bit Operand Fie!d, 0-3 binary (RAM Register 
Bd Lower 4 bits of B (digit address) Select) 
Cc 1-bit Carry Register a 10-bit Operand Field. 0- 1023 binary (ROM 
D 4-bit Data Output Port Address) 
EN 4-bit Enable Register y 4-bit Operand Field, 0- 15 binary (Immediate 
G 4-bit Register to latch data for G /O Port Data) 
IL Two 1-bit latches associated with the IN3 or RAM(s) Contents of RAM location addressed by s 
INo inputs ROM(t) Contents of ROM location addressed by t 
IN 4-bit Input Port 
L 8-bit TRI-STATE® 1/0 Port OPERATIONAL SYMBOLS 
M 4-bit contents of RAM Memory pointed to by 
B Register | a Plus 
PC 10-bit ROM Address Register (program = Minus 
counter) ee Replaces 
Q 8-bit Register to latch data for L I/O Port ‘es Is exchanged with 
SA 10-bit Subroutine Save Register A _ lesauants 
SB 10-bit Subroutine Save Register B xz 
SC 10 Subroutine Save Register A A The one’s complement of A 


slo 4-bit Shift Register and Counter ® Exclusive-OR 


SK Logic-Controlled Clock Output Range of values 


TABLE 2 — ET9420/9421/9422. ET9320/9321/9322 INSTRUCTION SET 


Machine 
Hex Language Code 
Operand | Code (Binary) 


ARITHMETIC INSTRUCTIONS 


















Mnemonic Skip Conditions Description 





| Data Flow 





0011 [001 1/0000} A+C+RAM(B) > A Add with Carry, Skip on 
Carry ~ C Carry 
= 


Jo01 1/0001 A+ RAMI3) — A Add RAM to A 


{0100/1010 Add Ten to A 





Add Immediate. Skip on 
Carry (y # 0) 


Complement and Add with 
Carry. Skip on Carry 


A+RAM(B)+C— A 


{000 1/0000; 
Carry + C 


re | femme 
RC 


32 [0011/0010} | “O"=C Reset C 
22 joo1gjoo10] | zc : 


Exclusive-OR RAM with A 


pee 


{0000/0010 A®RAM(B) ~ A 
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TABLE 2 — ET9420/9421/9422. ET9320/9321/9322 INSTRUCTION SET (continued) 


Machine 


Hex Language Code 
Operand | Code (Binary) Data Flow Skip Conditions Description 


TRANSFER OF CONTROL INSTRUCTIONS 


011 [0 1 1 0/0 0jag.a| 


=r 47:0 | 





Jump Indirect (Note 3) 


eo ” 































JP a6:0 Jump within Page (Note 4) 
(pages 2,3 only) 
or 
a 11) a5.0 
(all other pages) 
JSRP PC +1—- SA ~ SB ~ SC Jump to Subroutine Page 
0010 ~ PC9.¢ (Note 5) 
a PC5:0 














PC +1-~> SA —- SB -~ SC 
a> PC 


RETSK AiG [01 00j1001) SC ~- SB~- SA PC 


MEMORY REFERENCE INSTRUCTIONS 


{001 1001 1} 
3c j001 1/1100 


[oo1 1001 1] 


0010/1100 


[0 | f 0101) 
[0010/0011] 


OOir| d 


[Torii 
4C {0100/1100 

45 (01000101 

42. [0100/0010 
43 01000011)" 

wi 4D [0100]1101| 
1 47 |0100]1101| 

2 46 0100/0110) 

3 48 = [0100|1014| 


Jump to Subroutine 






Return from Subroutine 
Return from Subroutine 
then Skip 


Copy A, RAM to Q 


Always Skip on Return 












A Q7:4 
RAM(B) ~ Q3:0 













Q7:4 - RAM(B) 
Q3:0 7 A 


Copy Q to RAM, A i 
















RAM(B) > A 
Br@r — Br 


Load RAM into A, 
Exclusive-OR Br with r 






Load A with RAM pointed 
to directly by r,d 


RAM(r,d) > A 














ROM(PCy:8,A,M) ~ Q 
SB ~ SC 


aaa’ Load Q Indirect (Note 3) 
0 + RAM(B)g Reset RAM Bit 
0 RAM(B)4 
0 -- RAM(B)o 
0 -- RAM(B)3 





1+ RAM(B)o 
1 RAM(B); 
1 RAM(B)2 
1+ RAM(B)3 


Set RAM Bit 
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TABLE 2 — ET9420/9421/9422. ET9320/9321/9322 INSTRUCTION SET (continued) 


Machine 
Hex Language Code 


Operand} Code (Binary) Data Flow Skip Conditions Description 
MEMORY REFERENCE INSTRUCTIONS (continued) 





y ~ RAM(B) Store Memory Immediate 
Bd + 1 -Bd and Increment Bd 


|0 0| r [01 10) RAM(B) *- A Exchange RAM with A, 


Br@r—- Br Exctusive-OR Br with r 


[oo 1 0j001 | RAM(r,d) <> Exchange A with RAM 
d pointed to directly by rd 


0 0) r [01 1 1 RAM(B) => Bd decrements past 0 Exchange RAM with A 
Bd -1- af and Decrement Bd, 
Br@r — Br Exciusive-OR Br with r 


[0 0} r 0 1 00 RAM(B) «* A Bd increments past 15 Exchange RAM with A 
Bd +1- Bd and Increment Bd, 


Br@r— Br Exclusive-OR Br with r 





REGISTER REFERENCE INSTRUCTIONS 


EE. 0101/0000 Copy A to Bd 


00} r [0.9] r [id —1)| -1) Skip until not a VBI Load & mediate with r,d 
(d= Ca a 9:15) (Note 6) 
or 


[0011/0011] 
[1.0 r| d | 


{any d) 


[001 ee 1 Load EN Immediate (Note 7) 
a 11 | y : 
TEST INSTRUCTIONS 


[001 1j0011) 110011 G3:9 =9 Skip if G is Zero (all 4 bits) 
ar 


33 [001 1/001 | 1st byte Skip if G Bit is Zero 
01 [0000/0001| 
11 {000 1/0001) 


03 0000/001 1| 


{000 1/001 | 
[0000|0001| 



























2nd byte 


















RAM(B)o = 0 Skip if RAM Bit is Zero 











11 (0001/0001) RAM(B); = 0 
03 [0000/0011 RAM(B)2 = 0 






RAM(B)2 = 0 


[0001/001 1 
[0100/0001 









A time-base counter 
carry has occurred 
since last test 


Skip on Timer (Note 3) 
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TABLE 2 — ET9420/9421/9422. ET9320/9321/9322 INSTRUCTION SET (continued) 


Machine 


Language Code 
Mnemonic) Operand | Code “Binary) Data Flow Skip Conditions Description 





INPUT/OUTPUT INSTRUCTIONS 













ING 33 {001 1001 1 Input G Ports to A 
2A [001011010 

iNIN 33 [001 1/001 1 INA Input IN Inputs to A (Note 2) 
28 


[0010/1000] 


INIL 33 [001 1001 1 IL3, CKO, "GO", Ilo > A None | input IL Latches to A 
1 
29 [0010/1001] i (Note 3) 


33 | [0011/0011] L7-4 ~ RAM(B) input L Ports to RAM,A 


2E | (001011110) 3.07 A 


OBD 33 [001 1001 1 Output Bd to D Outputs 
3E 0011/1110 


OG! y 33 | (0011/0011 y~>G Output to G Ports immediate | 
; 5- [0 10 1} y 


joo 11/001 1| RAM(B) ~ G Output RAM to G Ports 
[001 1|1010] 
XAS aF | [0100]1111] A= SIO, C~ SKL Exchange A with SIO 
(Note 3) 


Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are 
numbered 0 to N where 0 signifies the least significant bit ( low-order, right-most bit). For example, Agindicates the most significant (left-most) 
bit of the 4-bit A register. 

Note 2: The ININ instruction is not available on the ET9421/ET9321 and ET9422/ET9322 since these devices do not contain the IN inputs. 
Note 3 : For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below. 

Note 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. 
The JP instruction, otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page. 
Note 5: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). AJSRP may. not be used when in 
pages 2 or 3. JSRP may not jump to the last word in page 2. 

Note 6 : LBI is a single-byte instruction if d =0, 9, 10, 11, 12, 13, 14 or 15. The machine code for the lower 4 bits equals the binary value of the “d” 
data minus 1,e.g., to load the lower four bits of B (Bd) with the value 9 (1 0015), the lower 4 bits of the LBI instruction equals 8 (1 000,,). Toload 0, 
the lower 4 bits of the LBI instruction should equal 15 (111 19). 

Note 7 : Machine code for operand field y for LEI instruction should equal the binary value to be latched into EN, where a‘‘1” or “0” in each bit 
of EN corresponds with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN 
Register). 
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The following information is provided to assist the user 
in understanding the operation of several unique instruc- 
tions and to provide notes useful to programmers in 
writing ET9420/9421/9422 programs. 


XAS Instruction 


XAS (Exchange A with SIO) exchanges the 4-bit con- 
tents of the accumulator with the 4-bit contents of the 
SIO register. The contents of SIO will contain serial-in/ 
serial-out shift register or binary counter data. depending 
on the value of the EN register. An XAS instruction will 
also affect the SK output. (See Functional Description, 
EN Register, above.) If SIO is selected as a shift register, 
an XAS instruction must be performed once every 4 
instruction cycles to effect a continuous data stream. 


JID Instruction 


JID (Jump Indirect) is an indirect addressing instruction, 
transferring program control to a new ROM location 
pointed to indirectly by A and M. It loads the lower 8 bits 
of the ROM address register PC with the contents of 
ROM addressed by the 10-bit word, PCg-g, A. M. PCg and 
PCg are not affected by this instruction. 


Note that JID requires 2 instruction cycles to execute. 


INIL Instruction 


INIL (Input IL Latches to A) inputs 2 latches, ILg and Ilo 
(see figure 10) ard CKO into A. The IL3 and Itglatches 
are set if a low-going pulse (‘'1" to “0"’) has occurred on 
the INg and INginputs since the iast INIL instruction. 
provided the input pulse stays low for at least two 
instruction times. Execution of an INIL inputs ILg and 
ILg into A3 and AO respectively, and resets these latches 
to allow them to respond to subsequent low-going 
pulses on the IN3 and INg lines. If CKO is mask 
programmed as a general purpose input, an INIL will 
input the state of CKO into A2. If CKO has not been so 
programmed, a ‘‘1" will be placed in A2. A‘‘0" is always 
placed in A1 upon the execution of an INIL. Tre general 
purpose inputs IN3-INg are input to A upon execution of 
an ININ instruction. (See table 2, ININ instruction.) INIL 
is useful in recognizing pulses of short duration or 
pulses which occur too often to be read conveniently by 
an ININ instruction. 


Note: IL jlatches are not cleared on reset. 


£19420 


INg/INg 





FIGURE 10. 
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LQID Instruction 


LQID (Load Q Indirect) loaus tne 8-bit Q register with the 
contents of ROM pointed to by the 10-bit word PCg, PCg, 
A.M. LOID can be used for table lookup or code conver- 
sion such as BCD to seven-seqment. The LQID instruc: 
tion ‘pushes’ the stack (PC +1 * SA + SB *SC) and 
replaces the least signiticant 8 bits of PC as follows: A 
—»> PC7-4, RAM(B) —» PC3-0, leaving PCg and PCg 
unchanged. The ROM data pointed to by the new address 
is fetched and loaded into the O latches. Next, the stack 
is “popped (SC -- SB ~ SA -PC}. restoring the saved 
value of PC to continue sequential program execution. 
Since LQID pushes SB -- SC, the previous contents of 
SC are lost. Also, when LQID pops the stack. the previ- 
ously pushed ccntents of SB are left in SC. The net result 
is that the contents of SB are placed in SC (SB + SC). 
Note that LQID takes two instruction cycle times to 
execute. 


SKT Instruction 


The SKT (Ship On Timer) instruction tests the state of an 
internal 10-bit time-base counter. This counter divides the 
instruction cycle clock frequency by 1024 and provides a 
latched indication of counter overflow. The SKT instruction 
tests this latch, executing the next program instruction if the 
latch is not set. If the latch has been set since the previous 
test, the next program instruction is skipped and the latch is 
reset. The features associated with this instruction, there- 
fore, allow the ET9420/9421/9422 to generate its own 
time-base for real-time processing rather than relying on an 
external input signal. 


For example, using a 2.097 MHz crystal as the time-base 
to the clock generator. the instruction cycle clock fre- 
quency will be 131kHz (crystal frequency — 16) and the 
binary counter output pulse frequency will be 128 Hz. 
For time-of-day or similar real-time processing, the SKT 
instruction can call a routine which increments a ‘'sec- 
onds’ counter every 128 ticks. 


Instruction Set Notes 


a. The first word of a ET9420/9421/9422 program (ROM 
address 0) must be a CLRA (Clear A) instruction. 


b. Although skipped instructions are not executed. one 
instruction cycle time is devoted to skipping each 
byte of the skipped instruction. Thus all program 
paths take the same number of cycle times wiether 
instructions are skipped or executed except JID and 
LQID. LQID and JID take two cycle times if executed 
and one if skipped. 


c. The ROM is organized into 16 pages of 64 words 
each. The Program Counter is an 10-bit binary 
counter. and will count through page boundaries. If a 
JP, JSRP. JID or LQID instruction is located in the 
last word of a page, the instruction operates as if it 
were in the nevt page. For example: a JP located in 
the last word of a page will jump to a location in the 
next page. Also. a LQID or JID located in the last 
word of page 3. 7.11 0r 15 will access data in the next 
group of four pages. 
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OPTION LIST 


The ET9420/9421/9422 mask programmable options are 
assigned numbers which correspond with the ET9420 
pins. 

The following ts a list of ET9420 options. When specifying 
a ET9421 or ET9422 chip, Options 9, 10, 19, 20 and 29 
must all be set to zero. When specifying a ET9422 chip. 
Options 21, 22, 27 and 28 must also be zero, and Option 2 
must not be a 1. The options are programmed at the same 
time as the ROM pattern to provide the user with the hard- 
ware flexibility to interface to various |/O components 
using little or no external circuitry. 


Option 1=0: Ground Pin — no options available 


Option 2: CKO Pin 

=Q: clock generator output to crystal 
(0 not available if opticn 3=4 or 5) 

= 1: pin is RAM power supply (Vp) input 
(Not available on ET9422, ET9322) 

= 2: general purpose input with load device 

= 3: multi-COP SYNC input . 

= 4: general purpose Hi Z input 


Option 3: CKI input 
=0: crystal input divided by 16 
= 1: crystal input divided by 8 
=2: TTL external clock input divided by 16 
=3: TTL external clock input divided by 8 
= 4: single-pin RC controlled oscillator (= 4) 
=5: Schmitt trigger clock input (+4) 


Option 4: RESET Pin 
=0: Load devices to Voc 
= 1: Hi-2 input 
Option 5: L7 Driver 
=0Q: Standard output (figure 9D) 
=1: Open-Drain output (E) 
= 2: LED direct drive output (F) 
=3: TRI-STATE®push-pull output (G) 
Option 6: Lg Driver 
same as Option 5 
Option 7: L5 Driver 
same as Option 5 
Option 8: Lq Driver 
same as Option 5 
Option 9: INq Input 
=0: load device to Vcc (H) 
= 1: Hi-Z input (I) 
Option 10: INg Input 
same as Option 9 


Option 11=0: Voc Pin — no options available 


Option 12: Lg Driver 
same as Option 5 


Option 13: La Driver 
same as Option 5 


Option 14: L1 Driver 
same as Option 5 
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Option 15: Lo Driver 
same as Option 5 

Option 16 :S! Input 
same as Option 9 


Option 17: SO Driver 
=0: standard output (A) 
= 1: open-drain output (B) 
=2: push-pull output (C) 
Option 18: SK Driver 
same as Option 17 
Option 19: INg Input 
same as Option 9 
Option 20: INg Input 
same as Option 9 
Option 21: Gg I/O Port 
=0: Standard output (A) 
= 1: Open-Drain output (B) 
Option 22: Gy 1/O Port 
same as Option 21 


Option 23: Gg I/O Port 
Same as Option 21 


Option 24: G3 !/O Port 
same as Option 21 


Option 25: Dg Output 
=0: Standard output (A) 
=1: Open-Drain output (B) 
Option 26: D2 Output 
same as Option 25 
Option 27: Dy Output 
same as Option 25 
Option 28: Do Output 
same as Option 25 


Option 29: Chip Function 
=0: normal operation 
=1: MICROBUS® option 


Option 30: Chip Bonding 
= 0: ET9420 (28-pin device) 
=1: ET9421 (24-pin device) 
=2: 28 and 24pin versions 
= 3: ET9422 (20-pin device) 
= 4: 28- and 20-pin versions 
= 5: 24 and 20-pin versions 
=6: 28-, 24, and 20-pin versio 


Option 31: IN Input Levels 
=0: normal input levels 
= 1: Higher voitage input leve 
(“O" = 1.2V, ''1” = 3.6V) 


Option 32: G Input Levels 
same as Option 31 


Option 33: L input Levels 
same as Option 31 


Option 34: CKO Input Levels 
same as Option 31 


Option 35: Si Input Levels 
same as Option 31 
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TEST MODE (Non-Standard Operation) 


The SO output has been configured to provide for stan- 
dard test procedures for the custom-programmed 
ET9420. With SO forced to logic ‘'1’’, two test modes 
are provided, depending upon the value of Si : 


a. RAM and Internal Logic Test Mode (SI = 1) 
b. ROM Test Mode (SI = 0) 


These special test modes should not be employed by 
the user: they are intended for manufacturing test only. 


APPLICATION EXAMPLE : ET9420 General Con- 
troller 


Figure 9 shows an interconnect diagram for a ET9420 
used as a geneval controller. Operation of the system is 
as follows : 


1. Tne L7-Lo outputs are configured as LED Direct Drive 
Outputs, allowing direct connection to the segments 
of the display. 


GND 


ET 9420 


RESET 


4 GENERAL Go-G 
VO C —__ S0-S3 


EVENT 
COUNTER =~] SI * 
INPUT 


2 GENERAL OUTPUTS 





2: 


The D3-Dg outputs drive the digits of the multiplexed 
display directly and scan the cotumns of the 4x4 
keyboard matrix. 


. The IN3-INg inputs are used to input the 4 rows of the 


keyboard matrix. Reading the IN lines in conjunction 
with the current value of the D outputs allows 
detection. debouncing. and decoding of any one of 
the 16 keyswitches. 


. CKI is configured as a single-pin oscillator input 


allowing system timing to be controlled by a single- 
pin RC network. CKO 1s therefore avatiable for use as 
a Va RAM power supply pin. RAM data integrity is 
thereby assured when the main power supply is shut 
down (see RAM Keep-Alive Option description). 


. Sl is selected as the input to a binary counter input. 


With SIO used as a binary counter, SO and SK ca’. be 
used as general purpose outputs. 


. The 4 bidirectional G I/O ports (G3-Go) are available 


for use as required by the users application. 


8 SEGMENT 
DATA LINES 


4 DIGIT 
: LED DISPLAY 


4x4 
KEYSWITCH 
MATRIX 


* SI, SO and SK may also be used for serial |/O 


FIGURE 11 — ET9420 KEYBOARD/DISPLAY INTERFACE 


COPS, MICROWIRE MICROBUS and TRI-STATE are registered trademarks of National Semiconductor Corp. 
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PHYSICAL DIMENSIONS 


CB-132 


(1) Nominal dimension 
(2) True geometrical position 





N SUFFIX 
PLASTIC PACKAGE 





CB-68 


(1) Nominal dimension 
(2) True geometrical position 





N SUFFIX 
24 ins | PLASTIC PACKAGE 





Y 
F118 CB-68 
SITELESC 
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PHYSICAL DIMENSIONS 


CB-194 


(1) Nominal dimension 
(2) True geometrical position 
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These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different products. 
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| SINGLE CHIP MICROCONTROLLERS 





The ETC 9420, C 9421, C 9422, C 9320, C 9321,C 9322, and ETC 9445, C C M O S 
9344,C 9345 20 static single-chip CMOS microcontrollers are fully compa- 
tible with the COPS® family, fabricated using double-poly, silicon gate 
complementary MOS technology. These Controller Oriented Processors are 
complete microcontrollers containing all system timing, Internal logic, ROM, 
RAM and I/O necessary to implement dedicated control functions in a variety 


of applications. CASES 


ETC9420 @ ETC9444 
@ET 

Features include single eee operation, a variety of output configuration Speyer) Geen 
options, with an instruction set, internal architecture and |/O scheme designed 
to facilitate keyboard input, display output and BCD data manipulation. The 
ETC 9420, C 9444 are 28-pin chips. The ETC 9421, C 9445 are 24-pin versions 
(4 inputs removed) and C 9422 is a 20-pin version with 15 1/O lines. 
Standard test procedures and reliable high-density fabrication techniques 
provide the medium to large volume customers with a customized microcon- 
troller at a low end -product cost. , 
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These microcontrollers are appropriate choices in many demanding control 
environments especially those with human interface. 


@ Lowest power dissipation (50 iW typical). 

@ Power saving IDLE state and HALT mode. 

@ Fully Static (can turn off the clock). 

@ 2K x 8 ROM, 128 x 4 RAM (ETC 9444, C 9445). 

@ 1K x & ROM, 64 x 4 RAM (ETC 9420, C 9421, C 9422). 

@ True vectored interrupt, plus restart. 

@ 3-level subroutine stack. 

@ 4 usec intruction time, plus software selectable clocks. 

@ 23 |/Olines (ETC 9444, C 9420). 

@ Single supply operation (2.4 V to 5,5 V). 

e@ Programmable read/write 8-bit timer/event counter. 

@ Internal binary counter register with MICROWIRE® serial |/O Capability. 

@ General purpose and tri-state® outputs. 

@ LSTTL/C MOS compatible. 

@ MICROBUS® compatible. 

@ Software/hardware compatible with other members of ET 9400 family. 

@ Extended temperature range devices ETC 9320/ETC 9321, ETC 9322 and 
ETC 9344/ETC 9345 (— 40° C to +85°C). 

@ Military devices (—55°C to +125°C) to be available. 


ETC9422 @ ETC9322 
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SUNALINGNODINGAS NOSWOHL 


zZ/2 


_ CONTROL 
TIME | 

DIVIDER } CLOCK 

Be 1-O> HH] = 


INSTRUCTION CLOCK (SYNC) 4 














PROGRAM MEMORY 
1or2Kx8 ROM 
ADDRESS 











DIGIT ADDRESS 


_ DATA MEMORY 
128 or 64 x 4 RAM 
OUT 








REG 
ADDR 


D3 
D2 
D1 
Do 

INSTRUCTION 
DECODE/CONTROL 
SKIP LOGIC 

SK 





SO 


$103 SIO02 Si01 SIOO 
SERIAL 1/0 REGISTER 


foe 4 3-LEVEL STACK 


1/0 CONTROLS 


S\ 


* 28-pin version only. 






G3 
G2 
G1 
Go 


REGISTER 
Pata s Is 


| 


IN3 IN2 IN1 INO L7 le tg 4 Lg t2 Lt lo 












4 RESET 


MICROWIRE I/O 


(uolssen uld-GZ) WYHOVIG 19018 — L SUNDIS 
St/vb/ZZ/LZ/OZEGOLA © Sb/vb/ZZ/LZ/OTVEDLI 
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ETC 9420 ,ETC 9421, ETC 9422 e ETC 9444, ETC 9445 


ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings indicate limits beyond which da- 


Supply voltage (Vcc) 6V mage to the device may occur. DC and AC electrical specifi- 
Voltage at any pin -0.3 V to Vcc + 0.3V cations are note insured when operating the device at absolute 
Total Allowable Source current 25 mA maximum ratings. 

Total Allowable Sink Current 25mA 

Operating Temperature Range OoC to + 70°C 

Storage Temperature Range —65° C to + 150°C 

Lead Temperature (soldering 10 seconds) 300° C 


DC ELECTRICAL CHARACTERISTICS oc < Ta! <;+70°C(Unless otherwise specified) 


Conditions 


Operating Voltage 
Power Supply Rippte (Note 5) Peak to Peak 


Supply Current Vec= 2.4 V, te= 64 ps 
(Note 1) Voc=5.0 V, tc= 16 ps 
Vec= 5.0 V,tc= 4 ps. 
(tc =instruction cycle time) 


Halt Mode Current Voc=5.0 V, Fin=0 kHz 
(Note 2) Voc= 2.4 V, Fin=0 kHz 


Input Voltage levels 
RES t CKI (RC or crystal opt.) 
Do (Clock input) 


Logic High 
Logic Low 
All other inputs 
Logic High 
Logic Low 


Input Pull-up current Voc= 4.5 V, Vin=0 
HI-Z input leakage aa 
Input capacitance (Note 4) ee er pee 


Output Voltage Levels Standard Outputs 

LSTTL Operation Voc=5.0V + 5% 
Logic High loH= — 100 pA 
Logic Low lo, = 400 pA 


CMOS Operation 
Logic High lOH= 10 pA 
Logic Low lorp= 10yA 
Output current Level (except CKO) 
Sink (Note 6) Voc=4.5 V, Vout = Voc 
Vec= 2.4 V, Vout=Voc 
Source (standard option) Voc= 4.5 V, Vout =0V 
: Voc= 2.4V, Vout =0V 
Source (Low current option) Voc= 4.5 V, Vout = OV 
Vcoc= 2.4 V, Vout = OV 
CKO Current level (As clock out) 
Sink > 4 
+ 8 -Voc= 4.5 V, CKl=Vcoc Vout =Ycc 
+ 16 
Source + 4 
8 Voc= 4.5 V, CKI=0V, Vour =O0V 


Allowable Sink 
Source current per pin (Note 6) 


Allowable loading on CKO (as HALT) 


Current needed to over-ride HALT 

(Note 3) 
To continue Vec= 4.5 V, Vin=0.2 Voc 
To halt Voc= 4.5 V, Vin=0.7 Voc 
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AC ELECTRICAL CHARACTERISTICS 0°C < Ta <+70°C (Unless otherwise specified) 


Instruction cycle time (tc) Veg 4.5V 
> Vo 


> 
V>Voc2 2.4V 


Operating CK! Frequency 
+ 4mode 
+ 8&mode Voco2 4.5 V 
+ 16 mode 


4 mode diet 
> 8mode 45V > Voc= 2.4V 
+ 16 mode 


Duty cycle (Note 4) F1=4 MHz 
Rise time (Note 4) F1=4 MHz ext. dock 
Fall time (Note 4) F1=4 MHz ext. dock 


Instruction cycle time R=30K Voc=5V 
(RC oscillator) (Note 4) C= 62 pF, (+ 4 Mode) 


INPUTS (tig. 3) 


tseTUP | Ginputs — tc/4 +.7 
SI input Voc2 4.5V 0.3 
All others 1.7 


tHOLD Vec= 45V : 0.25 
aey > Voc2 2.4V : 


OUTPUT PROPAGATION DELAY Vout = 1.5 V, CL= 100 pF.R, =5 K 


Voc2 4.5 V 
or oe 45V > Vooz 24V 


MICROBUS® TIMING C= 50 pF. Voc=5V + 5% 


Read operation (fig. 4) 
Chip select stable before 


)- tcsp 
Chip select hold time for 
- acs , 
AD pulse width -tar 
Data delay from 
to data floating - ee Nnote 4) 


Write operation (fig. 5) 
Chip select stable before 


‘CSW 
Chip select hold time for 


wR - twos 
WA pulse width - twy 
Data set-up time for 


. 


Ww 
Data hold time for 


INTR transition time for 





Note 1: Supply currentis measured after running for 2000 cycle times with a square-wave clack on CKI, CKO open, and all other pins pulled up 
to Voc with 20k resistors. See current drain equation on page 17. 

Note 2: The HALT mode will stop CK! from oscillating in the RC and crystal configurations. Test conditions : all inputs tied to Vcc, L lines in 
TRI-STATE mode and tied to ground, all output low and tied to ground. 

Note 3: When forcing HALT, current is only needed for a short time (approx. 200 ns) to flip the HALT flip-flop. 

Note 4: This parameter is only sampled and not 100 % tested. 

Note 5: Voltage change must be less than 0.5 voit ina 1 ms period. 

Note 6 : SO output sink current must be limited to keep Vo, below 0.2 Vcc when port is running in order to prevent entering test mode. 


4/22 





THOMSON SEMICONDUCTEURS 


1-72 





ETC9420/21/22/44/45 e ETC9320/21/22/44/45 





ETC 9320, ETC 9321, ETC 9322 e ETC9344, ETC9345 


ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings indicate limits beyond which da- 


Supply voltage 6V mage to the device may occur. DC and AC electrical specifi- 
Voltage at any pin —0.3V tooo + 0.3V cations are note insured when operating the device at absolute 
Total Allowable Source current m maximum ratings. 


Total Allowable Sink Current 25 mA 
Operating Temperature Range —40°C to + 85°C 
Storage Temperature Range — 65°C to + 150°C 
Lead Temperature (soldering 10 seconds) 300° C 


DC ELECTRICAL CHARACTERISTICS — 40°C < Tai< i+ 85°C (Unless otherwise specified) 
| Parameter | Conations 


Operating Voltage 
Power Supply Ripple (Note 5) Peak to Peak 


Supply Current Voc=3.0 V,. to= 64 ps 

(Note 1) Voc=5.0 V, tc = 16 us 
Voc=5.0V, te= 4 us 
(tc = instruction cycle time) 


Halt Mode Current Voc= 5.0 V, Fin =0 kHz 
(Note 2) Voc= 3.0 V, Fin =0 kHz 














































Input Vokage levels 
CKI (RC or crystal opt.) 
Do (Clock input) 
Logic High 
Logic Low 
All other inputs 
Logic High 
Logic Low 


Input Pull-up current Voc= 4.5 V, Vin =0 
HI-Z input leakage Di te 
Input capacitance (Note 4) fe ee te 


Output Voltage Levels Standard Outputs 
LSTTL Operation Voc=5.0V +:5% 





















Logic High lon ™ — 100 pA 

Logic Low lo: = 400 pA 
CMOS Operation 

Logic High lon = — 10 pA 

Logic Low lorp= 10 pA 





Output current Level (except CKO) 
Sink (Note 6) 






Voc = 4.5 V, Vout = Voc 
Voc = 3.0 V, Vout = Voc 
Voc = 4.5 V, Vout = OV 
Voc = 3.0 V, Vout = OV 
Voc = 4.5 V, Vout = OV 
Veco =3.0 V, Vout = 0V 









Source (standard option) 












Source (Low current option) 









CKO Current level (As clock out) 
Sink + 










Voc=4.5 V, CKl=Vocg, Vout =Vog 










Source + 


° 








Voc =4.5V. CKl=0V, Vout =0V 









_— 






Allowable Sink / Source current 
per pin (Note 6) 


Allowable loading on CKO (as HALT) 








Current needed to over-ride HALT 









(Note 3) 
To continue Voc=4.5 V, Vin=0.2 Voc 
To halt Vec= 4.5 V, Vin=0.7 Ve 
TRI-STATE or open drain 
Leakage current +5 pA 
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AC ELECTRICAL CHARACTERISTICS - 40°C < Ta < + 85°C (Unless otherwise specified) 


Instruction cycle time (tc) 


Operating CK! Frequency 
+ 4mode 
+ 8mode 
+ 16 mode 


+ 4mode 
+ 8mode 
+ 16 mode 


Duty cycle (Note 4) 
Rise time (Note 4) 
Fall time (Note 4) 


Instruction cycle time 
(RC oscillator) (Note 4) 


INPUTS (fig. 3) 
tseTUP 


tHOLD 
OUTPUT . 
PROPAGATION DELAY 


tpp1 , tppo 
tpo1 , tppo 


MIGROBUS® TIMING 


Read operation (fig. 4) 
Chip select stable before 
RD - tcsp 

Chip select hold tome for 
RO - tacs 

RD ilies width -taR 

Data delay from RD - tap 


RDB to data floating - tp¢(note 4) 


Write operation (fig. 5) 
Chip select stable before 
WR - tosw 

Chip select. hold time for 


- wos 
WR pulse width - ty 
Data set-up time for 


Ww 
Data hold time for 
WR - 
INTR transition time for 
WR - tw 


Voc2 45V 
45V >Voc2= 3.0V 


Voc2 45V 


45V> Voc 2 3.0 V 


F1=4 MHz 
F1 = 4 MHz ext. clock 
Fl = 4 MHz ext. clock 


R=30 K, Voc=5V 
C = 82 pF, (+ 4 Mode) 


G inputs Sard J 
SI input Voc 2 4.5V 
All others FA 7 


Vec2 4.5V 
45V> Voc 2 3.0V 


Vout = 1.5 V, CL= 100 pF, RL=5k 
Voc2 4.5V 
45V >Voc= 3.0V 


C_=50 PF,Voc=5V + 5% 





Note 1: Supply current is measured after running for 2000 cycle times with a square-wave clock on CKI, CKO open, and all other pins pulled up 


to Vcc with 20k resistors. See current drain equation on page 17 


Note 2: The HALT mode will stop CKI from oscillating in the RC and crystal configurations. Test conditions : all inputs tied to Vcc: L lines in 
TRI-STATE mode and tied to ground, all output low and tied to ground. 
Note 3: When forcing HALT, current is only needed for a short time (approx. 200 ns) to flip the HALT flip-flop. 


Note 4: This parameter is oniy sampled and not 100 % tested. 
Note 5: Voltage change must be less than 0.5 volt ina 1 ms period. 


Note 6 : SO output sink current must be limited to keep Vo, below 0.2 Vcc when portis running in order to prevent entering test mode. 
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SS DSSS SSSS SGA SSS Sse SSS SSNS 


GND []1 
CKO 
CkI GND [j 1 
RESET cko []2 
L7 cK! [73 
L6 Reset [7/4 
us [17 ETC 9420 45 u7 15 
7 ETC 9444 e 
IN1 L5 
IN2 L4 
Voc Vec 
L3 L3 
L2 L2 





Ly-Lo _ 8 bit bidirectional I/O ports with TRI-STATE® 
4 bit bidirectional I/O ports 

3 bit general purpose outputs 

Dp General purpose output or oscillator input 


IN3-INg 4-bit input port (ETC 9420 or 9444 only) 
Sl Serial input 
So Serial output 


ETC 9421 





FIGURE 2 — CONNECTION DIAGRAMS 






CKO 20} } GNO 
CKI 191} 02 
RESET []3 18] J 03 
ETC 9445 Y 17} as 
"ETC 9422" Coan 
LSet 932251 sk 
L47]7 14, jlso 
Vec 1] 8 131} si 
L3 L]9 12[}. Lo 
L2 [] 10 WU) ou 
SK Logic-controlled clock or general purpose 
output 
CKI System oscillator input 
CKO System oscillator output (or general 


purpose Input or Halt I/O Port) 
RESET System reset input 
Voc Power supply 
GND Ground 


FUNCTIONAL DESCRIPTION 


For ease of reading only the ETC 9420/9421 /9422/9444/9445 
are referenced. However, all such references apply equally to 
ETC 9320/9321 /9322/9344/9345. 


The internal architecture is shown in Figure 1. Data paths are 
illustrated in simplified form to depict how the various logic 
elements communicate with each other in implementing the 
instruction set of the device. Positive logic is used. When a bit 
is set, it is a logic ‘'1"’ when it is reset, it is a logic “O’’. 


Program memory 


Program Memory consists of ROM, 1024 bytes for the ETC 
9420/C 9421/ C 9422 and 2048 bytes for the ETC 9444/C 
9445. These bytes of ROM may be program instructions, 
constants or ROM addressing data. 


ROM addressing is accomplished by a 11-bit PC register which 
selects one of the 8-bit words contained in ROM. A new 
address is loaded into the PC register during each instruction 
cycle. Unless the instruction is a transfer of control instruction, 
the PC register is loaded with the next sequential 11-bit binary 
count value. 


Three levels of subroutine nesting are implemented by a three 
level deep stack. Each subroutine cail or interrupt pushes the 
next PC address into the stack. Each return pops the stack 
back into the PC register. 


Data memory 


Data memory consists of a 512-bit RAM for the 
ETC 9444/C 9445, organized as 8 data registers of 16 x 4-bit 
digits. RAM addressing is implemented by a 7-bit B register 
whose upper 3 bits (Br) select 1 of 8 data registers and lower 
4 bits (Bd) select 1 of 16 4-bit digits in the selected data 
register. 

Data memory consists of a 256-bit RAM for the ETC 9420/C 
9421/C 9422, organized as 4 data registers of 16 x 4 bits 
digits. The B register is 6 bits long. Upper 2 bis (Br) select 1 of 
4 data registers and lower 4 bits (Bd) select 1 of 16 4-bit digits 
in the selected data register. While the 4-bit contents of the 
selected RAM digit (M) are usually loaded into or from, or 
exchanged with the A register (accumulator), they may also be 
loaded into the Q latches or loaded from the L ports. RAM 
addressing may also be performed directly by the LDD and XAD 
instructions based upon the immediate operand field of these 
instructions. 





THOMSON SEMICONDUCTEURS 


1-75 


The Bd register also serves as a source register for 4-bit data 
sent directly to the D outputs. 


Internal Logic 


The processor contains its own 4-bit A register (accumulator) 
which is the source and destination register for most |/O, 
arithmetic, logic, and data memory access operations. it can 
also be used to load the Br and Bd portions of the B register, 
to load and input 4 bits of the 8-bit Q latch, to input 4 bits of 
a ROM word, L I/O ports data, to input 4-bit G, or IN ports, and 
to perform data exchanges with‘the SIO register. 


A 4-bit adder performs the arithmetic and logic functions, 
storing the results in A. It also outputs a carry bit to the 1-bit 
C register, most often employed to indicate arithmetic overflow. 
The C register in conjunction with the XAS instruction and the 
EN register, also serves to control the SK output. 


The 8-bit T counter is a binary up counter which can be loaded 
to and from M and A using CAMT and CTMA instructions. This 
counter may be operated in two modes depending on a 
mask-programmable option : as a timer or as an external event 
counter. When the T counter overflows, an overflow flag will be 
set (see SKT and IT instructions below). The T counter is 
cleared on reset. A functional block diagram of the timer/ 
counter is illustrated in Figure 10 a. 


Four general-purpose inputs, -IN3-INO, are provided. IN1, IN2 
and IN3 may be selected, by a mask-pr6grammable option as 
Read Strobe, Chip Select, and Write Strobe inputs, respecti- 
vely, for use in MICROBUS application. 


The D register provides 4 general-purpose outputs and is used 
as the destination register for the 4-bit contents of Bd. In the 
dual clock mode. DO latch controls the clock selection (see dual 
oscillator below). 


The G register contents are outputs to a 4-bit general-purpose 
bidirectional !1/O port. GO may be mask-programmed as an 
output for MICROBUS applications. 


The Q register is an internal, latched, 8-bit register, used to hold 
data loaded to or from M and A, as well as 8-bit data from ROM. 
Its contents are outputted to the L !/O ports when the L drivers 
are enabled under program control (see LE! instruction). With 
the MICROBUS®option selected, Q can also be loaded with 
the 8-bit contents of the L I/O ports upon the occurence of a 
write strobe from the host CPU. 
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The 8L drivers, when enabled, output the contents of 
latched Q data to the L I/O ports. Also, the contents of 
L may be read directly into A and M. As explained above, 
the MICROBUS® | option allows L I/O port data to be 
latched into the Q register. 


The SIO register functions as a 4-bit serial-in/serial-out 
shift register for MICROWIRE |I/O and peripherals, or as 
a binary counter (depending on the contents of the EN 
register). Its Contents can be exchanged with A. 


The XAS Instruction copies C into the SKL Latch. !n the 
counter mode, SK is the output of SKL; in the shift 
register mode, SK is a sync clock, inhibited when SKL is 
a logic ““O”’. 

The "EN register is an internal 4-bit register loaded under 
programm control by the LEI instruction. The state of 
each bit of this register selects or deselects the particular 
feature associated with each bit of the EN register 
(EN,-EN)). 

0. The least significant bit of the enable register, ENo, 
selects the SIO register as either a 4-bit shift register or 
as a 4-bit binary counter. With ENo set, SIO is as asyn- 
chronous binary counter, DECREMENTING its value by 
one upon each low going pulse (‘'1” to 0”) occuring on 
the SI input. Each pulse must be at least 2 (two) ins- 


|-—_—— INSTRUCTION CYCLE TIME (tc) —__—| 


CKI 


SK (AS A 

CLOCK) 

IN3-INo 

G3-Go, L7-Lo, 

CKO & SI INPUTS 

G3-Go, Dg-Do, - 
L7-Lo, SO, SK 
OUTPUTS 


truction cycles wide. SK outputs the value of SKL. The 
SO output is equal to the value of EN3. With ENo reset, 
SiO is a serial shift register, shifting left each instruction 
cycle time. The data present at Sl is shifted into the least 
significant bit of SiO, SO can be enabled to output the 
most significant bit of SIO each instruction cycle time. 
i = output SKL ANDed with the instruction cycle 
clock. 


1. With EN, set interrupt is enabled. immediatly following 
an interrupt, EN, is reset to disable further interrupts. 


2. With EN, set, the L drivers are enabled to output the 
data in Q to the L I/O ports. Resetting EN. disables the 
L drivers, placing the L I/O ports in a high impedance 
input state. 


3. ENg, in conjunction with ENo, affects the SO output. 
With EN», set(binary counter option selected), SO will 
output the value loaded into EN,. With EN, reset (serial 
shift register option selected), setting EN, enables SO 
as the output of the SIO shift register, outputting serial 
shifted data each instruction time. Resetting EN, with 
the serial shift register option selected, disables SO as 
the shift register output ; data continues to be shifted 
through SIO and can be exchanged with A via an XAS 
instruction but SO remains reset to ‘‘0”’. 





FIGURE 3 — INPUT/OUTPUT TIMING DIAGRAMS (Divide-by-8 Mode) 





FIGURE 4 — MICROBUS READ OPERATION TIMING 


(INg) cs 
(Ny) RD 
(L7-Lo) D7-Dp 
(INg) Cs . 
(INg) WR wom 
(L7-Lo) D7-Do 

(Go) INTR 





FIGURE 5 — MICROBUS WRITE OPERATION TIMING 
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FUNCTIONAL DESCRIPTION (continued) 
TABLE 1— ENABLE REGISTER MODES — BITS ENg AND EN3 





as et 
a 





Interrupt 


The following features are associated with interrupt procedure 
and protocol and must be considered by the programmer when 
utilizing interrupts. 

a. The interrupt, once acknowledged as explained below, pus- 
hes the next sequential program counter address (PC + 1) 
onto the stack. Any previous contents at the bottom of the 
stack are lost. The program counter is set to hex address 
OFF (the last word of page 3) and EN, is reset. 


b. An interrupt will be acknowledged only after the following 
conditions are met : 


1. EN,has been set. 


2. A low-going pulse (‘‘1’’ to ‘‘0"') at least two instruction 
cycles wide occurs on the IN, input. 


3. A currently executing instruction has been completed. 


4. ALL successive transfer of control instructions and suc- 
cessive LBIls have been completed (e.g., if the main 
program is executing a JP instruction which transfers 
program control to another JP instruction, the interrupt will 
not be acknowledged until the second JP instruction has 
been executed. 


c. Upon acknowledgement of an interrupt, the skip logic status 
is saved and later restored upon ‘popping’ of the stack. For 
example, if an interrupt occurs during the execution of ASC 
(Add with Carry, Skip on Carry) instruction which results in 
carry, the skip logic status is saved and program control is 
transferred to the interrupt servicing routine at hex address 
OFF. At the end of the interrupt routine, a RET instruction is 
executed to “‘pop”’ the stack and return program control to 
the instruction following the original ASC. At this time, the 
skip logic is enabled and skips this instruction because of the 
previous ASC carry. Subroutines should not be nested 
within the interrupt servicing routine since their “popping” 
of the stack will enable any previously saved main program 
skips, interfering with the orderly execution of the interrupt 
routine. 


d. The first instruction at hex address OFF must be a NOP. 


e. A LEI instruction may be put immediately before the RET to 
re-enable interrupts. 


MIC ROBUS interface 


The ETC 9420/C 9444 has an option which allows it to be used 
as a peripheral microprocessor device, inputting and outputting 
data from to a host microprocessor (uP). INy,iINgand IN3 general 
purposes input become MICROBUS INTERFACE read-strobe, 
chip-select, and write-strobe lines, respectively. IN; become RD 
— alogic 0” on this input will cause Q latch data to be enabled 
to the L ports for input to the uP. INp becomes CS — a logic 

"0" on this line selects the ETC 9420/C 9444 as the uP periphe- 
ral device by enabling the operation of the RD and WR lines and 
allows for the selection of one of several peripheral compo- 
nents. INgzbecomes WR — a logic 0" on this line will write bus 
data from the L ports to the Q latches for input to the 
ETC 9420/C 9444. Ggbecomes INTR, a ‘ready” output. reset by 
a write pulse from the uP on the WR line. providing the “hand- 
shaking’ capability necessary for asynchronous data transfer 
between the host CPU and the ETC 9420/C 9444 


Shift a Input to shift Register mone 


Shift Register Input to Shift Register 


‘SK after XAS 


If SKL=1, SK=clock 
lf SKL=0, SK=0 


lf SKL=1, SK =clock 
If SKL=0, SK=0 





This option has been designed for compatibility with MICRO- 
BUS a standard interconnect system for 8-bit parallel data 
transfer between MOS/LSI CPUs and interfacing devices. (See 
MICROBUS National Publication). The functioning and timing 
relationships between the signal lines affected by this option 
are as specified for the MICROBUS interface, and are given in 
the AC electrical characteristics and shown in the timing 
diagrams (figure 4 and 5). Connection of the ETC 9420/C 9444 
to the MICROBUS is shown in figure 6. 


POWER 
SUPPLY CLOCK 







INTERRUPT (NTR) ' 






o- BIT DATA BUS 


READ STROBE (AB) 4g 
CHIP SELECT (CS) 
WRITE STROBE (WR 





MICROPROCESSOR 


RESET 
FIGURE 6 — MICROBUS ® OPTION INTERCONNECT 


Initialization 


The internal reset logic will initialize the device upon power-up 
if the power supply rise time is less than 1ms and if the 
operating frequency at CKI is greater than 32 kHz, otherwise 
the external RC network shown in Figure 7 must be connected 
to the RESET pin. Tne RESET pin is configured as a Schmitt 
trigger input. If not used, it should be connected to V¢q Initia- 
lization will occur whenever a logic ‘'0"' is applied to the RESET 
input, providing it stays low for at least three instruction cycle 
times. 

NOTE : if CKI clock is less than 32 kHz, the internal reset logic 
(option = 29= 1) must be disabled and the external RC circuit 
must be used. 















: Vcc 
# RESET 
a ETC 9420/ 
C9421/ § 
C9444/9445 
GND | 


RC= 5x Power 
Supply Rise Time and 
RC = 100 x CK! period 


<MTmUDECMW msmMsov 
Qe + 


FIGURE 7 — POWER-UP CIRCUIT 
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FUNCTIONAL DESCRIPTION (continued) 


Upon initialization, the PC register is cleared to 0 (ROM address 
0) and the A, B, C, D, EN, IL, T and G registers are cleared. The 
SKL Latch is set, this enabling SK as a clock output. Data 
Memory (RAM) is not cleared upon initialization. The first 
instruction at address 0 must be a CLRA (clear A register). 


Timer 
There are two modes selected by mask option : 


a. Time-base counter. In this mode, the instruction cycle fre- 
quency generated from CKI passes through a 2-bit di- 
vide-by-4 prescaler. The output of this prescaler increments 
the 8-bit T counter thus providing a 10-bit timer. The pres- 
caler is cleared during execution of a CAMT instruction and 
on reset. 


For example, using a 4 MHz crystal with a divide-by-16 
option, the instruction cycle frequency of 250 kHz increments 
the 10-bit timer every 41s. By presetting the counter and 
detecting overflow, accurate timeouts between 16 us 
(4 counts) and 4.096 ms (1024 counts) are possible. Longer 
timeouts can be achieved by accumulating, under software 
control, multiple overflows. 

b. External event counter. In this mode, a low-going pulse (‘"1" 
to ‘‘0’’) at least 2 instruction cycles wide on the IN2 input will 
increment the 8-bit T counter. 


Note : The IT instruction is not allowed in this mode. 


C2 T C1 


R/C controlled Oscillator 


Cycle time 


245V 
245V 


82 pF 
82 pF 
100 pF 


4to 9us 
8 to 16 us 
16 to 32 us 





Note :15k < R < 150k; 50 pF < C < 150 pF 


Crystal or resonator 











C1 C2 
(pF) (pF) 





R1 R2 



















32 kHz 
455 kHz 
2.086 MHz 
4.0 MHz 


220k 20 M 
5k 10M 80 40 
2k 1M 30 6-36 

1k 1M 





24 to 45V 


Component Values 


Halt mode 


The ETC 9420/9421/C 9422/C 9444/ C 9445 is a FULLY 
STATIC circuit ; therefore, the user may stop the system oscilla- 
tor at any time to halt the chip. The chip may be also halted by 
the HALT instruction or by forcing CKO high when it is used as 
an HALT/I/O port. Once in the HALT mode, the internal circul- 
try does not receive any clocksignal, and is therefore frozen in 
the exact state it was in when halted. All information is retai- 
ned until continuing. The chip may be awakened by one of the 
two different methods. 


1. Continue function — by forcing CKO low, if it is mask- 
programmed as an HALT |/O port, the system clock is 
reenabled and the circuit continues to operate from the 
point where it was stopped. 

2. Restart — by forcing the RESET pin low (see initialization). 
The HALT mode is the mininum power dissipation state. 
NOTE : If the user has selected dual clock with DO as external 
oscillator (option 30 =2) AND the ETC 9444/C 9420 is running 
with the DO clock, the HALT mode — either hardware or 
software — will NOT be entered. Thus, the user should switch 
to the CKI clock to HALT. Alternatively, the user may stop the 
DO clock to minimize power. 


B 
CKi CKO 


HALT 
EXTERNAL 
CLOCK OR GENERAL 


PURPOSE INPUT 


_ t 


Cc 
CKI 
R 
Vv 
Cc HALT 
Bip OR GENERAL 
— PURPOSE INPUT 


R 


OR 
EXTERNAL 
CLOCK 


Cc 





FIGURE 8 — OSCILLATOR COMPONENTS VALUES 


This circuit and these values are for indication only. As the oscillator characteristics are not guaranteed, please 
consider and examine the circuit constants carefully on your application. 
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FUNCTIONAL DESCRIPTION (continued) 


CKO Pin Options 
a. Two-pin oscillator — (Crystal). See Figure 9A. 


In a crystal controlled oscillator system, CKO is used as an 
output to the crystal network. The HALT mode may be 
entered by program control (HALT instruction) which forces 
CKO high, thus inhibiting the crystal network. The circuit can 
be awakened only by forcing the RESET pin to a logic “0” 
(restart). 


b. One-pin oscillator — (RC or external). See Figure 9B. 


if a one-pin oscillator system is chosen, two options are 
available for CKO : 


@ CKO can be selected as the HALT I/O port. In that case, 
it is an 1/O flip-flop which is an indicator of the HALT 
status. An external signa! can over-ride this pin to start 
and stop the chip. By forcing a high level to CKO, the chip 
will stop as soon as CKI is high and CKO output will stay 
high to keep the chip stopped if the external driver returns 
‘to high impedance state. 


By forcing a low level to CKO, the chip will continue and 
CKO will stay low. 


@ As another option, CKO can be a general purpose input, 
read into bit 2 of A (accumulator) upon execution of an 
INIL instruction. 


Oscillator options 


There are four basic clock oscillator configuration available as 
shown by Figure 8. 


a. Cyrstal Controlled Oscillator. CKl and CKO are connected to 
an external crystal. The instruction cycle time equals the 
crystal frequency optionally divided by 4, 8 or 16. 


b. External Oscillator. The external frequency is optionally 
divided by 4, 8 or 16 to give the instruction cycle time. CKO is 
the HALT !/O port or a genera! purpose input. 


c. RC Controiled Oscillator. CKI is configured as a single pin RC 
controlled Schmitt trigger oscillator. The instruction cycle 
equals the oscillation frequency divided by 4. CKO is the 
HALT !/O port or a general purpose input. 


. Dual oscillator. By selecting the dual clock option, pin DO is 
now a single pin oscillator input. Two configurations are 
available : RC controlled Schmitt trigger oscillator or external 
oscillator. 


The user may software select between the DO oscillator (in 
that case, the instruction cycle time equals the DO oscillation 
frequency divided by 4) by setting the DO latch high or the 
CKI (CKO) oscillator by resetting DO Latch low. Note that 
even in dual clock mode, the counter, if mask-programmed 
as a time-base counter, is always connected to the CKI 
oscillator. 


For example, the user may connect up to a 1 MHz RC circuit 
to DO for faster processing and a 32 kHz watch crystal to CK! 
and CKO for minimum current drain and time keeping. 
Note : CTMA instructions is not allowed when chip is running 
from DO clock. 
Figures 10A and 10B show the clock and timer diagrams with 
and without Dual clock. 


ETC 9445/C 9421 24-Pin package option 


If the ETC 9444/C 9420 is bonded in a 24-pin pckage, it beco- 
mes the ETC 9445/C 9421 illustrated in Figure 2, Connection 
diagrams. Note that the ETC 9445/C 9421 does not contain the 
four general purpose IN inputs (IN3-INo). Use of this option 
preciudes, ocourse, use of th IN optons, interrupt feature, 
external event counter feature, and the MICROBUS option 
which uses IN7-INg3. All other options are available for the 
ETC 9445/C 9421. 
Note : If user selects 24-pin package, options 9, 10, 19 and 
20 must be selected as a “0” (load to Voc on the IN 
intputs). See option list. 


a 


BLOCK DIAGRAMS 


RESET 


HALT 
INSTRUCTION 





TO CLOCK GENERATOR 


FIGURE 9 A — HALT MODE - TWO-PIN OSCILLATOR 
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Voc 


TO ACCUMULATOR 


RESET 


TO CLOCK GENERATOR 





: paca | 2 | : 2 | ‘ d 
¢ +8 i § | TIMER CNTR § sae 
ere, oa tn 8 a en ne ed ital 


acute» INSTRUCTION 
| CYCLE CLOCK 





FIGURE 10 A — CLOCK AND TIMER BLOCK DIAGRAM WITHOUT DUAL-CLOCK 


TO SKT 
™ LATCH 





INSTRUCTION 
CYCLE CLOCK 





FIGURE 10 B —- CLOCK AND TIMER BLOCK DIAGRAM WITH DUAL-CLOCK 
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INSTRUCTION SET 


Table 2 is a symbol table providing internal architecture, instruc- 
tion operand and operation symbols used in the instruction set instruction operand symbols 


table. 
; d 4-bit operand field, 0-15 binary (RAM digit select) 
Table 3 provides the mnemonic, operand, machine code data 


flow, skip conditions and description of each instruction. é 3(2)-bit operand field, 0-7(3)binary (RAM 
register select) 
a 11-bit operand field, 0-2047 (1023) 
TABLE 2 — INSTRUCTION SET TABLE SYMBOLS y 4-bit Operand field, 0-15 (immediate data) 
RAM(x) RAM addressed by variable x 
Symbol Pernice ROM(x) ROM addressed by variable x 





Internal Architecture Symbols 
Operational Symbols 


A 4-bit Accumulator 
B 7-bit RAM address register (6-bit for ETC 9420) + Plus 
Br Upper 3 bits of B (register address) (2-bit for Minus 
ETC 9420) + Replaces 
Bd Lower 4 bits of B (digit address) ie is exchanged with 
C \-bit Carry register = is equal to 
z ot Data ouput pert A one’s complement of A 
EN 4-bit Enable register 
G 4-bit General purpose !/O port 2 exclusive-or 
IL Two 1-bit (INj and Nj) latches tange:ol wales 
IN 4-bit input port 
L 8-bit TRI-STATE !/Oport 
M 4-bit contents of RAM addressed by B 
PC 11-bit ROM address program counter 
Q. 8-bit latch for L port 
SA, SB, SC 11-bit 3-level subroutine stack 
SIO 4 bit Shift register and counter 
SK Logic-controlled clock output 
SKL 1-bit lach for SK output 
T 8-bit timer 


TABLE 3 — ETC9444/C 9420 INSTRUCTION SET 








Machine 


Language 
Mnemonic | Operand Code Date Flow 


(Binary) 


Skip 


Conditions Description 







ARITHMETIC INSTRUCTIONS 
‘asc. OUS™~*~é~d*«Ci STS. 1 10.000) | AC +RAMIB) +A Carry Add with CARRY Skip on 
















| Carry + C Carry 
ADD | 31 OO 11j000 1) | A+RAM/B) A None Add RAM to A 


AISC y S- | fO101f y pjAt+y—~A Carry Add Immediate Skip on Carry(y # 0} 


1A Complement and Add with 


10 | 1000140000; | A+RAM(B}+C + A 


Carry + C 

















ots nemmmnaiannintie 





Carry. Skip on Carry 


one ee tT Om lt shen AeA ON 














00 joo O0}C O00 OJ }O-A Clear A 
40 jo. 1 0 0]0 090) K A Se ete lee None Ones Be ascent of Ato A 
ee ee Meee ae 
44 | 10 1.0 0f0 10 0] | None None No Operation 
"39 JOO 1 1J00 10] | Grn € | none | Reset C 
| Nene Set Cc 
Nore Exclusive-OR RAM with A 
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INSTRUCTION SET (continued) 


Skip 
Conditions Description 








JMP {° 11 00 410:8) | 4- PC Jump 
| 87:0 | 
: -— — 


pages 2, 3, only) 
JSR 














or 


{1_1] 45:0 J 


(all other pages) 





Jump to Subroutine Page 






U oO} 85.0 j PC+1—+ SA + SB = SC 


(Note 5) 







a~ PC5:9 


(011 Offarogy | PC+1 = SA + SB ~ SC aa 








Jump to Subroutine 


j0.1.0 0}1001} | SC + SB + SA -+ PC Always Skip Return from Subroutine 
on Return then Skip 


“RET 


RETSK 






i ae — 


HALT 









IOLE till timer 














Overfiows then continues 


Copy A, RAM to T 


Copy T to RAM, A (Note 9) 


~~ a 
ma — 








33 
3F 


CTMA 33 
oF 

CAMQ 33. 
3C 


33 


CAMT 


00 11j0011) 
oO r.iriy 












RAM(B) -— T3:0 None 






17.4 RAM{B) 
T3:0- A 


j00 1 1j001 1 
joo roi y 


jo.0 1 1001 1) 


{0.0 1 141 10 0} 
jo.01 1j0 01 7 


jo0101100} 









| A + Q7-4 


RAM(B) — Q3:-9 









Q7.4 RAM(B) 


































L Oo Of r jO101 RAM(B) - A None Load RAM into A 
(r —0 3) BrGr — Br Exciusive-OR Br with r 
23 joo 10j;001 1) | RAM(rd) = A ~ None Load A with RAM pointed 











to directly by r.d 


None Load Q Indirect (Note 3} 




















Lae ROMIPCi9g AM) + Q 
jo. 10 oft 100) | 9 - RAM(B)o None Reset RAM Bit 
jv.19 0jO 104 Q@ - RAM(B), 
Oo COC Ta) | O + RAM(B)g 
fore Ofe Gt] | O » RAM(B3 
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+ an Aa 
Oan do 


INSTRUCTION SET (continued) 
Machine 
Language Skip 
Code Data Flow Conditions Description 
(Binary) 
Pr0ofi101y RAM (B)g Set RAM Bit 
pioopirty RAM (B), 
b1000110) RAM (B)o 
p100f101 45 RAM (B)3 
y + RAM(B) Store Memory Immediate 
Bd ®1—- Bd | and increment Bd 
RAM(B) + A 4 Exchange RAM with A, 


Br®.r — Br Exclusive-OR Br with r 


N 
' 


in) 
to) 


RAM(r,d) 4 A Exchange A with RAM pointed 


to directly by r, d. 


RAM(B)+> A Bd Exchange RAM with A 
Bd—1—- Bd decrements and Decrement Bd. 


Br @ + Br past O Exclusive-Or Br with r 
RAM(B)<3 A Bd Exchange RAM withA 


Bd+1- Bd increments and Increment Bd, 


0 
1 
2 
a 





ea | 
GN ‘ 


Br@r-—- Br past 15 Exclusive-Or Br with r 







Skip until Load B immediate with r.d 











not a LBI (Note 6) 





(d =0,9:15) 
or 


jo 01 yoo 


REGISTER REFERENCE INSTRUCTIONS 
1] 6 d 
(any r, any d) 
y 33 j0011f0011y | y+ EN None 
6-- lo 11 Of y J 


fo 0 [r { (d-1) y 


(r =0:3) 
TEST INSTRUCTIONS 


Gace 01 0j0001 
SKGZ 33 
21 


SKGBZ 

















Load EN tmmediate (Note 7) 








A= RAM(Bj Skip tf A Equals RAM 








G3.9= 0 Skip if G's Zero 


Joo 11001 14 
Joo1ojooe 1) 


oor oor ly 
loo oojoory 
fooor1jooory 


joooojooir ty 
O001j0011 





(ali 4 bits) 






ist byte Skip if G Bit is Zero 













2nd byte 
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INSTRUCTION SET (continued) 


Machine 


Language Skip 


Deta Flow Conditions 


Description 


RAM (B)p=0 Skip if RAM Bit is Zero 


looo1fooor) | RAM (B);=0 
Joo 00joo1 Ls RAM (B)2=0 
foo oO 1foo1 iy 


001J0011 RAM (8)3=0 


A time-base Skip on Timer 
counter (Note 3) 

carry has occured 

since last test 





INPUT/OUTPUT INSTRUCTIONS 





10.01 1f0011) Input G Ports to A 


0010/1010) | 
10.0.1 1JO01 1) | Input IN inputs to A 


jo 01 041000) (Note 2) 
JO.0 11J001 1) |} tLg3,CKO, "0", ILlg+ A Input IL Latches toA 
(Note 3) 


001190011 L7.4~ RAM(B) Input L Ports to RAM. A 


{OO 10f1110] | Lgqr7A 
(00711j00114) Output Bd to D Outputs 


W 
m 


j{0.0.1 iii 0} 
0.011J0011] Output to G Ports 


jo 10 1] yj Immediate 


Joo 11001 1} | RAM(B) — G Output RAM to G Ports 
loo! 1j10104 


HO1 00711114 | A+~SIO.C + SKL Exchange A with SIO 





(Note 3) 


> Ww Ww On wW 
me ° ; | ; 


Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are 
numbered 0 to N where 0 signifies the least significant bit (low-order, right-most bit). For example, A, indicates the most significant (left-most) 
bit of the 4-bit A register. 
Note 2: The ININ instruction is not available on the 24-pin packages since these devices do not contain the IN inputs. 

Note 3: For additional on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below. 

Note 4: The JP instruction allows a jump, while in subroutine page 2 or 3, to any ROM location within the two-page boundary of pages 

2 or 3 The JP instruction, otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word 
of a page 

Note 5 : A JSAP transfers program control to subroutine page 2 (0010 is loaded into the upper 4,bits of P). AUSRP may not be used when 

iN pages 2 or 3. SRP may not jump to the last word in page 2. 

Note 6 : LBI 1s a singile- byte instruction if d=0, 9, 10, 11, 12, 13, 14, or 15. The machine code for the lower 4 bits equals the binary value of the 
“d" data minus 1, e.g. to load the lower four bits of B (Bd) with the value 9(10019), the lower 4 bits of the LBI instruction equal 8 (10009). To 
load 0. the lower 4 bits of the LBI instruction should equal 15 (11119). 

Note 7 : Machine code for operand field y for LEI instruction should equal the binary value to be latched into EN, wherea “1” or “O” in each 
bit of EN corresponds with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN 
Register) 

Note 8: For 2K ROM devices. A — Br (0 — A3). For 1K ROM devices. A + Br (0.0 — A3, A2). 

Note 9: Do not use CTMA instruction when dual - option is selected and part is running from DO Clocks. 
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DESCRIPTION OF SELECTED INSTRUCTIONS 


Xas instruction 


XAS (Exchange A with SIO) copies C to the SKL latch and 
exchanges the accumulator with the 4-bit contents of the SIO 
register. The contents of SIO will contain serial-in/serial-out 
shift register or binary counter data, depending on the value of 
the EN register. If SIO is selected as a shift register, an XAS 
instruction can be performed once every 4 instruction cycles 
to effect a continuous data stream. 


LQID Instruction 


LQID (Load Q Indirect) loads the 8-bit Q register with the 
contents of ROM pointed to by the 11-bit word PC10:PC8,A,M. 
LQID can be used for table lookup or code conversion such as 
BCD to seven-segment. The LQID instruction “pushes” the 
stack (PC +14 SA + SB > SC) and replaces the least si- 
gnificant 8 bits of the PC as follows: A > PC(7:4), 
RAM(B) -+ PC(3:0), leaving PC(10), PC(9) and PC(8) unchan- 
ged. The ROM data pointed to by the new address is fetched 
and loaded into the Q latches. Next, the stack is “popped” 
(SC + SB + SA = PC), restoring the saved value of PC to 
continue sequential program excecution. Sincé LQID pushes 
SB > SC, the previous contents of SC are lost. 


Note: LQID uses 2 instruction cycles if executed, one if 
skipped. 


JID instruction 


JID (Jump Indirect) is an indirect addressing instruction, 
transferring program control to anew ROM location pointed to 
indirectly by A and M. It loads the lower 8 bits of the ROM 
address register PC with the contents of ROM addressed by 
the 11-bit word, PC10:8,A,M. PC10, PC9 and PC8 are not 
affected by JID. 


Note : JID uses 2 instruction cycles if executed, one if skipped. 


SKT instruction 


The SKT (Skip On Timer) instruction tests the state of the T 
counter overtiow latch (see internal logic, above), executing 
the next program instruction if the latch is not set. If the latch 
has been set since the previous test, the next program ins- 
truction is skipped and the latch is reset. The features asso- 
ciated with this instruction allow the processor to generate its 
own time-base for reai-time processing, rather than relying on 
an external input signal. 


Note : If the most significant bit of the T counter is a 1 when 
a CAMT instruction loads the counter, the overflow flag will be 
set. The following sample of codes should be used when 
loading the counter : 


CAMT ; load T counter 
SKT_ : skip if overflow flag is set and reset it 
NOP 


IT instruction 


The IT (idle tiil timer) instruction halts the processor and puts 
it in an idle state until the time-base counter overflows. Upon 
overflow, the processor will restart with a delay shorter than 
one cycle time. This idle state reduces current drain since all 
logic (except the oscillator and time base counter) is stopped. 
IT instruction is not allowed if the T counter is mask- 
programmed as an external event counter (option 4 31 = 1). 


INIL instruction 


INIL. (Input IL Latches to A) inputs 2 latches, IL3 and ILO, CKO 
and 0 into A. The IL3 and ILO latches are set if a low-going pulse 
(‘1"" to ““O"'} has occured on the IN3 and INO inputs since the 
last INIL instruction, provided the input pulse stays low for at 
least two instruction cycles. Execution of an INIL inputs IL3 and 
ILO into A3 and AO respectively, and resets these latches to 
allow them to respond to subsequent low-going pulses on the 
IN3 and INO lines. If CKO is mask programmed as a general 
purpose input, an INIL will input the state of CKO INTO Az. If 
CKO has not been so programmed, a “1” will be placed in A2. 
A 0 is input into A1. iL latches are cleared on reset. IL latches 
are not available on the ETC 9445/C 9421. 


instruction set notes 


a. The first word of a program (ROM address 0) must be aCLRA 
(Clear A) instruction. 


b. Although skipped instructions are not executed, they are still 
fetched from the program memory. Thus program paths take 
the same number of cycles whether instructions are skipped 
or executed except for JID, and LQID. 


c. The ROM is organized into pages of 64 words each [he 
Program Counter is a 11-bit binary counter, and will count 
through page boundaries. if a JP, JSRP, JID, or LQID is the 
last word of a page, it operates as if it were in the next page. 
For example : a JP Located in the iast word of a page will 
jump to a location in the next page. Also, a JID or LQID 
located in the last word of every fourth page (i.e. hex address 
OFF, 1FF, 2FF, 3FF, 4FF, etc.) will access data in the next 
group of four pages. 


Note : The ETC 9420/C 9421/C 9422 needs only 10 bits to 
address its ROM. Therefore, the eleventh bit (10) is ignored. 


POWER DISSIPATION 


The lowest power drain is when the clock is stopped. As the 
frequency increases so does current. Current is also lower at 
lower operating voltages. Therefore, the user should run at the 
lowest speed and voltage that his application will allow. The 
user shouid take care that all pins swing to full supply levels to 
insure that outputs are not loaded down and that inputs are not 
at some intermediate level which may draw current. Any input 
with a slow rise or fail time will draw additional current. A crystal 
or resonator generated clock input will draw additional current. 
For example, a 500 kHz crystal input will typical draw 100 pA 
more than a square-wave input. An R/C oscillator will draw even 
more current since the input is a slow rising signal. 


if using an external squarewave oscillator, the following equa- 
tion can be used to calculate the ETC 9444/C 9445 operating 
current drain. 
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Ico=lq t+ V x 40 x Fi+ V x 1400 x Fi/Dv 


where ico= chip operating current drain in microamps 
Iqg= quiescent leakage current (from curve) 
Fi=CKI frequency in MegaHertz 
V=chip Vcc in volts 
Dv = divide dy option selected. 


For example at 5 volts Veg and 400 kHz (divide by 4) 
lop = 2045 x 40 x 0.445 x 1400 x 0.4/4 
Ico = 20+ 80 + 700 = 800 pA 


At 2.4 volts Voc and 30 kHz (divide by 4) 
Ico =6 + 2.4 x 40 x 0.034 2.4 x 1400 x 0.03/4 
Ico = 6 + 2.88 + 25.2 — 34.08 pA 


17/22 








ETC9420/21/22/44/45 e ETC9320/21/22/44/45 


POWER DISSIPATION (continued) 


if aniTinstruction is executed, the chip goes into the IDLE mode 
until the timer overflows. In IDLE mode, the current drain can 
be calculated from the following equation : 

Ici=Iqt+V x 40 x Fi 
For example, at 5 volts Voc and 400 kHz 

ici =20+5 x 40 x 0.4=100 pA 


The total average current will then be the weighted average of 
the operation current and the idle current : 


To Ti 
+Ici x 
To+Ti To+Ti 








Ita =iogx 


where: ita = total average current 
Ico= operating current 

Ici = idle current 

To = operating time 

Ti = idle time 


/G6 options 


=TC 9444/C 9445 outputs have the following optional configura- 
‘ions, illustrated in Figure 17 - 


1. Standard—A CMOS push-pull buffer with an N-channel 
device to ground in conjunction with a P-channel device to 
Voc, compatible with CMOS and LSTTL. 


». Low Current—This is the same configuration as a. above 
except that the sourcing current is much less. 


Voc 
P2 
N1 

= 


a. Standard Pwesh-Pull Output 


Voc 
P3 
N1 


b. Low Current Push-Pull Output 





c. Open Drain—An N-channel device to ground only, allowing 
external pull-up as required by the user's application. 

d. Standard TRI-STATE L Ouput—A CMOS output buffer similar 
to a. witch may be disabled by program control. 

e. Low-Current TRI-STATE L Output—This is the same as d. 
above except that the sourcing current is much less. 


f. Open-Drain TRI-STATE L. Output—This has the N-channel 
device to ground only. 


All inputs have the following options : 
g. Input with on chip load device to Vcc. 
h. Hi-Z input which must be driven by the users logic. 


When using either the G or L I/O ports as inputs, a pull-up 
device is necessary. This can be an external device or the 
following alternative is available : Select the low-current output 
option. Now, by setting the output registers to a iogic ‘'1" level, 
the P-channel devices will act as the pull-up load. Note that 
when using the L ports in this fashion the Q registers must be 
set to a logic *1"’ level and the L drivers MUST BE ENABLED 
by an LEI instruction (see description above). 


All output drivers use one or more of three common devices 
numbered 1 to 3. Minimum and maximum current (loy7 and Voyrt) 
curves are given in Figure 12 for each of these devices to allow 
the designer to effectively use these !/O configurations. 


c. Open-Drain Output 


Voc Voc Voc 
DISABLE DISABLE 
P2 P3 
DISABLE 


d. Standard TRI-STATE “L” Output 


Veco Vcc 


iO” 


g. Input with Load 


e. Low Current TRI-STATE “L” Output. 


f. Open Drain TRI-STATE “L” Output 


Voc 


h. HI-Z Input 


FIGURE 11 — INPUT/OUTPUT CONFIGURATIONS 
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POWER DISSIPATION: (continued) 


Standard Low Current Option 
Minimum Sink Current Minimum Source Current Minimum Source Current 





x = 
E a 
x 
3 3 
0 10 20 30 40 50 60 
Voi (VOLTS) Von (VOLTS) Von (VOLTS) 
ETC 9420/ETC9444 ETC9320/E TC9344 
ETC9421/ETC9445 ETC9321/ETC9345 
ETC9422 ETC9322 
Low Current Option Low Current Option 
Maximum Source Current 


Maximum Source Current Maximum Quiescent Current 


lon (uA) 
loc WA) 





Von (VOLTS) Vou (VOLTS) Voc (VOLTS) 


FIGURE 12 — INPUT/OUTPUT CHARACTERISTICS 
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OPTION LIST 


The ETC 9444/C 9420/C 9445/C 9421/C 9422 mask- 
programmable options are assigned numbers which corres- 
pond with the ETC 9344/C 9320/C 9345/C 9321/C 9322 
pins. 

The following is a list of options. The options are programmed 
at the same time as the ROM pattern to provide the user with 
the hardware flexibility to interface to various I/O components 
using little or no external circuitry. 


Option 1=0 : Ground Pin — no option available. 
Option 2 : CKO Pin 
=0 : clock generator output to crystal/resonator 
=1: HALT I/O port 
= 2 : general purpose input with load device to Voc 
= 3 : general purpose input, high-Z 
Option 3 : CKI input 
== Q : Crystal controlled oscillator input divide by 4 
== | : Crystal controlled oscillator input divide by 8 
== 2 : Crystal controlled oscillator input divide by 16 
= 4: Single-pin RC controlled oscillator (divide by 4) 
==5 : External oscillator input divide by 4 
=6 : External oscillator input divide by 8 
= 7 : External oscillator input divide by 16 
Option 4 : RESET input 
=Q : load device to Voc 
= 1: Hi-Z input 
Option 5 : L7 Driver 
=0 : Standard TRI-STATE push-pull output 
= 1: Low-current TRI-STATE push-pull output 
= 2 : Open-drain TRI-STATE output 
Option 6 : L6 Driver—(same as option 5) 
Option 7 : LS Driver—(same as option 5) 
Option 8 : L4 Driver—(same as option 5) 
Option 9 : IN1 input 
=0 : load device to Voc 
= 1: Hi-Z input 
Option 10 : IN2 input— (same as option 9) 
Option 11 =0 : Voc Pin—no option available 
Option 12 : L3 Driver—(same as option 5) 
Option 13 : L2 Driver—(same as cption 5) 
Option 14 : 1 Driver—(same as opticn 5) 


Option 15 : LO Driver—(same as option 5) 


Option 16 : Si Input — (same as option 9) 
Option 17 : SO Driver 

=0 : Standard push-pull output 

= 1: Low-current push-pull output 

=2 : Open-drain output 
Option 18 : SK Driver — (same as option 17) 
Option 19 : INO Input — (same as option 9) 
Option 20 : IN3 Input — (same as option 9) 
Option 21 : GO I/O Port — (same as option 17) 
Option 22 : G1 i/O Port — (same as option 17) 
Option 23 : G2 I/O Port — (same as option 17) 
Option 24 : G3 1/O Port — (same as option 17) 
Option 25 : D3 Output — (same as option 17) 
Option 26 : D2 Output — (same as option 17) 
Option 27 : D1 Output — (same as option 17) 
Option 28 : DO Output — (Same as option 17) 
Option 29 : Internal Initialization Logic 

=Q0 : Normal operation 

= 1: No internal initialization logic 
Option 30 : Dual Clock 

=0: Normal operation 

= 1: Dual Clock. DO RC oscillator 

= 2 : Dual Clock. DO ext. clock input 
Option 31 : Timer 

=0 : Time-base counter 

= 1: External event counter 
Option 32 : MICROBUS 

=0 : Normal 

= 1: MICROBUS (opt. #31 must=0) 
Option 33 : Chip bonding 

(1 K and 2 K Microcontroller) 

= 0: 28 - pin package 

= 1: 24 - pin package 

= 2: Same die purchased in both 24 and 28 pin version 

(1 K Microcontroller only) 
3: 20 - pin package 
4: 28- and 20- pin package 
5 : 24- and 20- pin package 
6 : 28-, 24- and 20- pin package 


, (opt. #28 must = 2) 


Note: - if opt#33 = 2then opt #9, 10, 19, 20 and 32 must = 0 
-4f opt #33 = 3, 4, 50r6 then opt¥9, 10, 19, 20, 21, 22, 
30 and 32 must = O 


CROSS REFERENCE 


THOMSON SC 


ETC 9420 
ETC 9421 
ETC 9422 
ETC 9444 
ETC 9445 





COP 424 C 
COP 425C 
COP 426 C 
COP 444 C 
COP 445 C 


COPS, MICROWIRE and TRISTATE are registered trademarks of National Semiconductor Corp. 
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PHYSICAL DIMENSIONS 














e=2,54(2) 


CB-132 








(1) Nominal dimension 
(2) True geometrical position 








N SUFFIX 
PLASTIC PACKAGE 


CB-68 





(1) Nominal dimension 
(2) True geometrical position 








N SUFFIX 
PLASTIC PACKAGE 
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PHYSICAL DIMENSIONS 


e = 2,54(2) e max. 


fercceert 







CB-194 





(1) Nominal dimension 
(2) True geometrical position 





N SUFFIX 
PLASTIC PACKAGE 


CB-194 
DATA. JEDEC SITELESC 


These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different products. 
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The ETL9420, ETL9421, ETL9422, ELT9320, ETL9321, and ETL9322 
single-Chip N-Channel Microcontrollers are fully compatible with 
the COPS® family, fabricated using N-channel, silicon gate XMOS 
technology. These controller oriented processors are complete 
microcomputers containing all system timing, internal logic, ROM, 
RAM, and I/O necessary to implement dedicated control functions 
in a variety of applications. Features include single supply operation, 
a variety of output configuration options, with an instruction set, 
internal architecture, and |/O scheme designed to facilitate key- 
board input, display output, and BCD data manipulation. The 

ETL9421 and ETL9422 are identical to the ETL9420, but with 19 and , N SUFFIX 

15 I/O lines, respectively, instead of 23. They are an appropriate ag PLASTIC PACKAGE 
choice for use in numerous human interface control environments. | 
Standard test procedures and reliable high-density fabrication tech- 
niques provide the medium to large volume customers with a cus- 
tomized controller oriented processor at a low end-product cost. 


CASES 


ETL9420 @ ETL9320 


The ETL9320/L9321/L9322 are exact functional equivalents, but 

extended temperature range versions, of the ETL9420, ETL9421 

and ETL9422 respectively. 

N SUFFIX 
PLASTIC PACKAGI 

e Low cost 

e Powerful instruction set 

e 1K x8 ROM, 64 x 4 RAM 

e 23 1/0 lines (ETL9420) 

e True vectored interrupt, plus restart 

e Three-level subroutine stack 

e 16us instruction time 

e Single supply operation (4.5-6.3V) 

e Low current drain (QmA max.) 

e Internal time-base counter for real-time processing 

e Internal binary counter register with MICROWIRE® compatible 
serial |/O . fe 

e General purpose and TRI-STATE ~ outputs 

@ LSTTL/CMOS compatible in and out | 

e Direct drive of LED digit and segment lines 

e Software/hardware compatible with other members 
of ET9400 familv 

e Extended temperature range device 5 
ETL9320/L9321/1.9322 (-40°C to + 85 ) 

e Wider supply range (4.5V .— 9.5V) optionally available 


N SUFFIX 
PLASTIC PACKAGE 
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(DIVIDE BY 1024) 
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PROGRAM MEMORY 
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3 LEVEL STACK 





$103 StO2 S!IO1 SIOO 


SERIAL | O REGISTER 
: G 
REGISTER 
& 


BUFFER 









| O CONTROLS 


*ETL9420/9320 only. 2 









IL 
REG 2 





it 


3 IN2 INy1 INO 





D3 
D2 


* 


01 
Do 


SK 


SO} MICROWIRE I/O 


Si 


> G3 


G2 
G) 
Go 


(UoIssgA UId-§Z) NVHOVIG NNO 1G — L 3HNDIS 


CC€6/LZEG/OZES 113 © ZZv6/LZv6/0ZV6 113 








ETL 9420/9421/9422 e ETL 9320/9321/9322 





ETL9420/L9421/L9422 
ABSOLUTE MAXIMUM RATINGS 
Voltage at Any Pin Relative to GND —-0.5V to +10V 
Ambient Operating Temperature 0°C to +70°C 
Ambient Storage Temperature —65°C to +150°C 
Lead Temperature (Solderir.g, 10 seconds) 300°C 
Power Dissipation 
ETL9420/19421 0.75 Watt at 25°C 
0.4 Watt at 70°C 
ETL9422 0.65 Watt at 25°C 
0.3 Watt at 70°C 
Total Source Current 120mA 
Total Sink Current 120mA 


Absolute maximum ratings indicate limits beyond which damage 
to the device may occur. DC and AC electrical specifications are 
not ensured when operating the device at absolute maximum 


ratings. 


DC ELECTRICAL CHARACTERISTICS 0°< Ta < +70, 45V <Vcoc < 9.5V (Unless otherwise specified). 


Standard Operating Voltage (Vcc) 
Optional Operating Voitage (Vcc) 


Power Supply Ripple 


Operating Supply Current 


Input Voltage Levels 
CKI Input Levels 
Crystal Input (+32, +16, +8) 
Logic High (Vin) 
Logic Low (V,) 
Schmitt Trigger Input (+4) 
Logic High (Vy) 
Logic Low (Vj) 
RESET input Levels 
Logic High 
Logic Low 
SO Input Level (Test mode) 
Al: Other Inputs 
Logic High 
Logic High 
Logic Low 
Logic High 
Logic Low 
Input Capacitance 
Hi-Z Input Leakage 


Output Voltage Levels 
LSTTL Operation 
Logic High (Vow) 
Logic Low (Vo,) 


CMOS Operation 
Logic High 
Logic Low 


Conditions 


Note 1 


peak to peak 
all inputs and outputs open 


Schmitt Trigger Input 


Vcc = Max. 
with TTL trip level options 
selected, Voc = 5V + 5% 


with high trip level options 
selected 


Veco = 5V +5% 
low = ~25uA 
lou =0.36MA 


lon =~10nA 





Note 1: Voc voltage change must be less than 0.5V in a 1 ms period to maintain proper operation. 
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ETL9420/L9421/L9422 
DC ELECTRICAL CHARACTERISTICS (continued) 0°C < Ta < +70°C, 45V < Vcc < 9.5V (Unless otherwise specified) 


[Parameter Sd anton | in [an [Units 


Output Current Levels 
Output Sink Current 
SO and SK Outputs (lo,) 




























Voc = 9.5V. Vo, = 0.4V 
NVec = 6.3V, Vo, = 0.4V 
Voc = 4.5V. Vo, = 0.4V 


Voc = 9 5V, Vor = 0.4V 
Vec = 6.3V, Vor = 0.4V 
Vec = 4.5V, VoL = 0.4V 


Vec = 9.5V, Vot = 1.0V 
Voc = 9.5V, Vo, = 1.0V 


Voc = 6.3V, Vo, = 1.0V 
Vec = 4.5V, Voy = 1.0V 


Vec = 4.5V, Vin =3.5V 
Voc = 4.5V, Vo, = 0.4V 










Lo-L7 Outputs and Standard 
Go-G3, Dp-D3 Outputs (IoL) 








Go-G3 and Do-D3 Outputs with 
High Current Options (Io) 













Go-G3 and Do-D3 Outputs with 
Very High Current Options (Io,) 










CKI (Single-pin RC oscillator) 
CKO 
Output Source Current 


Standard Configuration, 
All Outputs (lo) 



























Vec = 9.5V, Vou = 2.0V 
Voc = 6.3V, Von = 2.0V 
Voc = 4.5V, Von = 2.0V 
Voc = 9.5V, Vow = 4.75V 
Voc = 6.3V, Vou = 2.4V 
Vec = 4.5V, Von = 1.0V 




















Push-Pull Configuration 
SO and SK Outputs (lox) 





LED Configuration, Lo-L7 
Outputs, Low Current 
Driver Option (IOH) 

LED Configuration, Lo-L7 
Outputs, High Current 
Driver Option (IoH) 


TRI-STATE® Configuration, 
Lo-L7 Outputs, Low 
Current Driver Option (IOH) 


TRI-STATE®Configuration, 
Lo-L7 Outputs. High 
Current Driver Option (Io) 


Vec = 9.5V. Vou = 2.0V 
Voc = 6.0V, Von = 2.0V 


























Voc = 9.5V. Vou = 2.0V 
Voc = 6.0V, Von = 2.0V 
Voc = 9.5V. Von = 5.5V 
Voc = 4.5V. Von = 1.5V 
Vec = 9.5V, Vou = 5.5V 
Vec = 6.3V. Vou = 3.2V 
Voc = 4.5V, Von = 1.5 


Vec ='5.0V, Vii = OV 








Input Load Source Current 


CKO Output 
RAM Power Supply Cption 
Power Requirement 


TRI-STATE® Output Leakage 
Current 









Total Sink Current Allowed 


All Outputs Combined 
D. G Ports 
L7-L4 
L3-Lo 
All Other Pins 
Total Source Current Allowed 
All 1/0 Combined 
L7-L4 
Lg-Lo 
Each L Pir. 
All Other Pins 
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ETL9320/L9321/L9322 
ABSOLUTE MAXIMUM RATINGS 
Voltage at Any Pin Relative to GND -0.5V to +10V 
Ambient Operating Temperature -40°C to +85°C 
Ambient Storage Temperature -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 
Power Dissipation 
ETL9320 L9321 0.75 Watt at 25°C 
0.4 Watt at 85°C 
ETL 9322 0.65 Watt at 25°C 
0.20 Watt at 85°C 
Total Source Current 120mA 
Tota! Sink Current 120mMA 


Absolute maximum ratings indicate limits beyond which damage 
to the device may occur. DC and AC electrical specifications are 
not ensured when operating the device at absolute maximum 
ratings. 


DC ELECTRICAL CHARACTERISTICS — 40°C < Ta < +85°C, 45V< Vcc < 7.5V (Unless otherwise specified) 










Standard Operating Voltage (Vcc) Note 1 


Optional Operating Voltage (Vcc) 



































Power Supply Ripple peak to peak 





Operating Supply Current all inputs and outputs open 


Input Voltage Levels 


CKI Input Levels 
Crystal Input 
Logic High (Viy) 
Logic Low (Vi) 
Schmitt Trigger Input 
Logic High (Viy) 
Logic Low (Vj,) 
RESET Input Levels 
Logic High 
Logic Low 


Schmitt Trigger Input 


SO Input Level (Test mode) 
All Other Inputs 


Logic High Voc = Max. 

Logic High with TTL trip level options 
Logic Low selected, Vcc = 5V+5% 
Logic High with high trip level options 
Logic Low selected 


Input Capacitance 
Hi-Z Input Leakage 


Output Voltage Levels 
LSTTL Operation 
Logic High (Von) 
Logic Low (Vo) 


Voc =5V+5% 
lon = —-20yA 
lo, = 0.36MmA 





CMOS Operation 
Logic High 
Logic Low 


Note 1 : Vcc voltage change must be less than 0.5V in a 1 ms period to maintain proper operation. 
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ETL9320/L9321/L9322 
DC ELECTRICAL CHARACTERISTICS (continued — 40°C < Ta< +85°C, 4.5V< Vcc < 7.5V (Unless otherwise specified). 


a 


Output Current Levels 
Output Sink Current 





SO and SK Outputs (lo) 


Lo-L7 Outputs and Standard 
Go-G3, Do-Dg Outputs (IoL) 


G4-G3 and Do-D3 Outputs with 
high Current Options (IoL) 


Go-G3 and Do-D3 Outputs with 
Very High Current Options (lo) 


CKI (Single-pin RC oscillator) 
CKO 


Output Source Current 


Standard Configuration. 
All Outputs (Ion) 


Push-Pull Configuration 
SO and SK Outputs (Io) 


LED Configuration, Lo-7 
Outputs, Low Current 
Driver Option (IOH) 


LED Configuration, Lo-L7 
Outputs, High Current 
Driver Option (IOH) 


TRI-STATE ® Configuration, 
Lo-L7 Outputs, Low 
Current Driver Option (loH) 


TRI-STATE ® Configuration, 
Lo-L7 Outputs, High 
Current Driver Option (loH) 


Input Load Source Current 
CKO Output 


RAM Power Supply Option 
Power Requirement 


Total Sink Current Allowed 


Voc = 7.5V, Vor = 0.4V 
Vec = 5.5V, Vo, = 0.4V 
Voc = 4.5V. Vo- = 0.4V 


Voc = 7.5V. Vo. = 0.4 
Voc = §.5V. Vo, = 0.4V 
Voc = 4.5V. Vo, = 0.4V 


Vec = 7.5V. Voy = 1.0V 
Voc = 5.5V, Vor = 1.0V 
Vec = 4.5V, Vot = 1.0V 


Veco = 7.5V, Vo, = 1.0V 
Vec = 5.5V, Vo, = 1.0V 
Veo = 4.5V, Vo. = 1.0V 


Veco = 4.5V, Vin =3.5V 
Vcc = 4.5V, VoL =0.4V 


Voc = 7.5V, Von = 2.0V 
Vec = 5.5V, Vou = 2.0V 
Veco = 4.5V, Von = 2.0V 


Veco = 7.5V, Von = 3.75V 
Veco = 5.5V, Von = 2.0V 
Veo = 4.5V, Von = 1.0V 


Voc = 7.5V, Vou = 2.0V 
Voc = 6.0V, Vou = 2.0V 
Voc = 5.5V, Vox = 2.0V 


Voc = 7.5V, Von = 2.0V 
Voc = 6.0V, Von = 2.0V 
Voc = §.5V, Von = 2.0V 
Veco = 7.5V, Von = 4.0V 
Voc = 5.5V, Von = 2.7V 
Voc = 4.5V, Von = 1.5V 
Vec = 7.5V, Voy = 4.0V 
Voc = 5.5V, Vox = 2.7V 
Voc = 4.5V, Von = 1.5V 


Vec = 5.0V, Vit = OV 






































All Outputs Combined mA 
D, G Ports mA 
L7-l4 mA 
L3-Lo mA 
All Other Pins mA 
Total Source Current Allowed 
All (0 Combined mA 
L7-l4 mA 
L3-Lo mA 
Each L Pin mA 
All Other Pins mA 
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AC ELECTRICAL CHARACTERISTICS 
ETL9420/L9421/L9422 :0°C <Ta< +70°C, 4.5V < Vcc < 9.5V (Unless otherwise specified) 
ETL9320/L9321/L9322 : — 40°C < Ta < +85°C, 4.5V < Vcc < 7.5V (Unless otherwise specified). 








Parameter Conditions Min. Max. Units 






Instruction Cycle Time — tc 
CK\ 
Input Frequency — fj 







+32 mode 
~16 mode 
-8 moce 
-4 mode 






















Duty Cycle 
Rise Time 
Fall Time 


CKI Using RC (+4) 












R = 56k2 + 5% 
C=100pF + 10% 






Instruction Cycle Time 
CKO as SYNC Input 
tsync 
INPUTS: 






































IN3-INo, G3-Go, L7-Lo 

tsetup 8.0 us 

tHoLD 1.3 us 
S| 

tsetup 2.0 us 

tHoLo 1.0 us 
OUTPUT PROPAGATION DELAY Test condition: 

CL = 50pF, Ry = 20k, Vout =15V 

SO, SK Outputs 

tpp1. tPpo 40 HS 
All Other Outputs 

tpD1, tPDO 5.6 ws 
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FIGURE 2 — CONNECTION DIAGRAMS 


— 


GND 
CKO 
CKi 


DO 
01 
D2 


RESET D3 


G3 
G2 
ETL 9420 Gi 
ETL 9320 hs 


IN3 


L7 
L6 


CKO GND 
CKi 


RESET 


D2 
L5 D3 


L4 L7 G3 


G2 


2 
3 
4 
5 
6 
7 
8 
9 


IN1 L6 


ETL 9422 
S U6 ert gga0!5H Sk 
SO 


SI 
LO 


IN2 INO 


Voc L4 
L3 


L2 


SK 
sO Voc 
L3 


L2 


SI 


L1 LO 


L1 





Order number ETL9420/N ETL9320/N Order Number ETL9421/N, ETL9321/N Order number E TL9422/N ETL9322/N 


Package N28A Package N24A Package N20A 
Pin Description Pin Description 
L7-Lo 8 bidirectional /O ports with SK Logic-controlled clock (or general 
TRI-STATE ® purpose output) 
G3-Go 4 bidirectional 1/O ports CKI System oscillator input 
D3-Do 4 general purpose outputs CKO System oscillator output (or general 
IN3-INo 4 general purpose inputs, (ETL9420/L9320 only) Seale ae RAM power supply or 
oes input 
S| Serial input (or counter input = 
put put) RESET System reset input 
SO Serial output (or general purpose output) 
Voc Power supply 
GND Ground 


}+—-—— INSTRUCTION CYCLE TIME (to) ——+| 
" | 
SK (AS A 






CLOCK 

IN3-INo /-— tsetuP—*} —_HoLD 
“3 Coe 8 OO tpDo 

t — 

INPUTS hag > VoL 
G3-Go, D3-Dg VOH 
L7-Lo, SO, SK \ 

‘OUTPUTS 


FIGURE 3 — INPUT/OUTPUT TIMING DIAGRAMS (CRYSTAL DIVIDE-BY-16 MODE) 


—e| }— ‘wo ° 


CK! 


—~{ jw i |*- tSYNC 


CKO 
(INPUT) 


FIGURE 3a — SYNCHRONIZATION TIMING 
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FUNCTIONAL DESCRIPTION 


For ease of reading this description, only ETL9420 and/ 
or ETL9421 are referenced ; however, all such references 
apply also to ETL9320, L9321, L9322 or ETL9422. 


A block diagram of the ETL9420 is given in Figure 1. 
Data paths arle illustrated in simplified form to depict 
how the various logic elements communicate with each 
other in implementing the instruction set of the device. 
Positive logic is used. When a bit is set, it is a logic “1” 
(greater than 2 volts). When a bit is reset, it is a logic 
0" (less than 0.8 volts). 


Program Memory 


Programm Memory consists of a 1,024 byte ROM. As 
can be seen by an examination of the ETL9420, L9421, 
L9422 instruction set, these words may be program 
instructions, program data or ROM addressing data. 
Because of the special characteristics associated with 
the JP, JSRP, JID and LQUID instructions, ROM must 
often be thought of as being organized into 16 pages of 
64 words each. 


ROM addressing is accomplished by a 10-bit PC regis- 
ter. Its binary value selects one of the 1,024 8-bit words 
contained in ROM. A new address is loaded into the PC 
register during each instruction cycle. Unless the in- 
struction is a transfer of control instruction, the PC 
register is loaded with the next sequential 10-bit binary 
count value. Three levels of subroutine nesting are 
implemented by the 10-bit subroutine save registers, 
SA, SB and SC, providing a last-in, first-out (LIFO) 
hardware subroutine stack. 


ROM instruction words are fetched, decoded and exe- 
cuted by the Instruction Decode, Control and Skip Logic 
circuitry. 


Data Memory 


Data memory consists of a 256-bit RAM, organized as 4 
data registers of 16 4-bit digits. RAM addressing is im- 
plemented by a 6-bit B register whose upper 2 bits (Br) 
select 1 of 4 data registers and lower 4 bits (Bd) select 1 
of 16 4-bit digits in the selected data register. While the 
4-bit contents of the selected RAM digit (M) is usually 
loaded into or from, or exchanged with, the A register 
(accumulator), it may also be loaded into or from the Q 
latches or loaded from the L ports. RAM addressing may 
also be performed directly by the LDD and XAD instruc- 
tions based upon the 6-bit contents of the operand field 
of these instructions. The Bd register also serves as a 
source register for 4-bit data sent directly to the D 
outputs. 


Internal Logic 


The 4-bit A register (accumulator) is the source and des- 
tination register for most I/O, arithmetic, logic and data 
memory access operations. It can also be used to load 
the Br and Bd portions of the B register, to load and 
input 4 bits of the 8-bit Q latch data, to input 4 bits of the 
8-bit L I/O port data and to perform data exchanges with 
the SIO register. 


At 4-bit adder performs the arithmetic and logic func- 
tions of the ELT9420, L9421, 19422, storing its results 
in A. It also outputs a carry bit tho the 1 bit C register, 
most often employed to indicate arithmetic overflow. 
The C register, in conjuction with the XAS instruction 
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and the EN register, also serves to control the SK out- 
put. C can be outputted directly to SK or can enable SK 
to be a sync clock each instruction cycle time. (See XAS 
instruction and EN register description, below.) 


Four general-purpose inputs, IN3-INo, are provided. 


The D register provides 4 general-purpose outputs and 
is used as the destination register for the 4-bit contents 
of Bd. The D outputs can be directly connected to the 
digits of a multiplexed LED display. 


The G register contents are outputs to 4 general-purpose 
bidirectional I/O ports. G !/O ports can be directly 
connected to the digits of a multiplexed LED display. 


The Q register is an internal, latched, 8-bit register, used 
to hold data loaded to or from M and A, as well as 8-bit 
data from ROM. its contents are outputted to the L I/O 
ports when the L drivers are enabled under program 
control. (See LEI! instruction.) 


The 8 L drivers, when enabled, output the contents of 
latched Q data to the L I/O ports. Also, the contents of L 
may be read directly into A and M. L I/O ports can be 
directly connected to the segments of a multiplexed LED 
display (using the LED Direct Drive output configuration 
option) with Q data being outputted to the Sa-Sg and 
decimal point segments of the display. 


The SIO register functions as a 4-bit serial-in/serial-out 
shift register or as a binary counter depending on the 
contents of the EN register. (See EN register descrip- 
tion, below.) Its contents can be exchanged with A, al: 
lowing it to input or output a continuous serial data 
stream. SIO may also be used to provide additional 
parallel I/O by connecting SO to external serial-in/ 
parallel-out shift registers. 


The XAS instruction copies C into the SKL latch. In the 
counter mode, SK is the output of SKL; in the shift regis- 
ter mode, SK outputs SKL ANDed with the clock. 


The EN register is an internal 4-bit register loaded under 
program contol by the LEI instruction. The state of each 
bit of this register selects or deselects the particular 
feature associated with each bit of the EN register 
(EN3- ENo). 


1. The least significant bit of the enable register, ENo, 
selects the SIO register as either a 4-bit shift register 
or a 4-bit binary counter. With ENo set, SIO is an 
asynchronous binary counter, decrementing its value 
by one upon each low-going pulse (‘1" to "0") 
occurring on the SI input. Each pulse must be at least 
two instruction cycles wide. SK outputs the value of 
SKL. The SO output is equal to the value of EN3. With 
ENo reset, SIO is a serial shift register shifting left 
each instruction cycle time. The data present at SI 
goes into the least significant bit of SIO. SO can be 
enabled to output the most significant bit of SIO 
each cycle time. (See 4 below.) The SK output 
becomes a logic-controlled clock. 

2. With EN, set the INz input is enabled as an interrupt 
input. Immediately following an interrupt, EN, is 
reset to disable further interrupts. 

3. With ENoset, the L drivers are enabled to output the 
data in Q to the L I/O ports. Resetting ENo disables 
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the L drivers, placing the L I/O ports in a high- 
impedance input state. 


4. ENg in conjunction with ENo, affects the SO output. 
With ENo set (binary counter option selected) SO will 
output the value loaded into EN3. With ENo reset 
(serial shift register option selected), setting EN3 
enables SO as the output of the SIO shift register 





outputting serial shifted data each instruction time. 
Resetting EN3 with the serial shift register option 
selected disables SO as the shift register output ; 
data continues to be shifted through SIO and can be 
exchanged with A via an XAS instruction but SO 
remains reset to “0”. The table below provides a 
summary of the modes associated with EN3 and ENo. 


Enable Register Modes — Bits EN; and EN, 





Input to Shift Register 


1,SK = Clock 





0 0 Shift Register If SKL = 
if SKL = 0,SK = 0 
1 0 Shift Register Input to Shift Register Serial Out if SKL = 1,SK = Clock 
If SKL = 0,SK = 0 
0 1 Binary Counter Input to Binary Counter If SKL = 1,SK = 1 
If SKL = 0,SK = 0 
1 1 Binary Counter Input to Binary Counter lf SKL = 1,SK = 1 
if SKL = 0,SK = 0 
Interrupt 


The following features are associated with the IN, 
interrupt procedure and protocol and must be consid- 
ered by the programmer when utilizing interrupts. 


a. The interrupt, once acknowledged as explained 
below, pushes the next sequential program counter 
address (PC + 1) onto the stack, pushing in turn the 
contents of the other subroutine-save registers to the 
next lower level (PC +1 —- SA —~ SB — SC). Any 
previous contents of SC are lost. The program counter 
is set to hex address OFF (the last word of page 3) 
and EN, is reset. 


b. An interrupt will be acknowledged only after the fol- 
lowing conditions are met: 
1. EN, has been set. 


2. Alow-going pulse (‘'1” to ‘‘0”’) at least two instruc- 
tion cycles wide occurs on the IN, input. 


3. A currently executing instruction has been com- 
pleted. 


4. All successive transfer of control instructions and 
successive LBis have been completed (e.g., if the 
main program is executing a JP instruction which 
transfers program control to another JP instruction, 
the interrupt will not be acknowledged until the 
second JP instruction has been executed). 


c. Upon acknowledgement of an interrupt, the skip 
logic status is saved and later restored upon popping 
of the stack. For example, if an interrupt occurs during 
the execution of ASC (Add with Carry, Skip on Carry) 
instruction whick results in vany, the skip logic 
Status is saved and program control is transferred to 
the interrupt servicing routine at hex address OFF. At 
the end of the interrupt routine, a RET instruction is 
executed to ‘‘pop” the stack and return program con- 
trol to the instruction following the original ASC. Af 
this time, the skip logic is enabled and skips this 
instruction because of the previous ASC carry. Sub- 
routines and LQID instructions should not be nested 
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within the interrupt servicing routine since their 
popping the stack will enable any previously saved 
main program skips, interfering with the orderly 
execution of the interrupt routine. 


d. The first instruction of the interrupt routine at hex ad- 
dress OFF must be a NOP. 


e. A LEI instruction can be put immediately before the 
RET to re-enable interrupts. 


Initialization 


The Reset Logic will initialize (clear) the device upon 
power-up if the power supply rise time is less than 1ms 
and greater than tus. If the power supply rise time is 
greater than 1ms, the user must provide an external RC 
network and diode to the RESET pin as shown below. 
The RESET pin is configured as a Schmitt trigger input. 
If not used it should be connected to Vcc. Initialization 
will occur whenever a logic “0” is applied to the RESET 
input, provided it stays low for at least three instructio 
cycle times. 


Upon initialization, the PC register is cleared to 0 (ROM 
address 0) and the A, B, C, D, EN, and G registers are 
cleared. The SK output is enabled as a SYNC output, 
providing a pulse each instruction cycle time. Data 
Memory (RAM) is not cleared upon initialization. The 
first instruction at address 0 must be a CLRA. 






Vcc 


______ ETL9420 | 
RESET ETL9421 | 









GND _ 


<r-pvvcwm DMSOv 
‘ + 


RC 25 X POWER SUPPLY RISE TIME 


Power-Up Clear Circuit 
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Oscillator 


There are four basic clock oscillator configurations 
available as shown by Figure 4.. 


a. Crystal Controlled Oscillator. CK| and CKO are con- 
nected to an external crystal. The instruction cycle 
time equals the crystal frequency divided by 32 (op- 
tional by 16 or 8). 


b. External Oscillator. CKI is an external clock input 
signal. The external frequency is divided by 32 (option- 
al by 16 or 8) to give the instruction cycle time. CKO 
is now available to be used as the RAM power supply 
(V_), aS a general purpose input, or as a SYNC input. 


c. RC Controlled Oscillator. CKI is configured as a 
single pin RC controlled Schmitt trigger oscillator. 
The instruction cycle equals the oscillation frequen- 
cy divided by 4. CKO is available as the RAM power 
supply (Va) or as a general purpose input 


d. Externally Synchronized Oscillator. Intended for use 
in muiti-COP systems, CKO is programmed to function 
as an input connected to the SK output of another 
COP chip operating at the same frequency (COP chip 
with L or C suffix) with CKI connected as shown. In 
this configuration, the SK output connected to CKO 
must provide a SYNC (instruction cycle) signal to 
CKO, thereby allowing synchronous data transfer be- 
tween the COPs using only the SI and SO serial I/O 
pins in conjunction with the XAS instruction. Note 
that on power-up SK is automatically enabled as a 


R2 


CKI CKO 


ff 





(VA OR GENERAL 


SLF wwaorcenena ae PURPOSE INPUT 
EXTERNAL —- PURPOSE INPUT = 
CLOCK OR SYNC PIN) 


Crystal Oscillator 


Component Values 
Ri (Q) 


455& KHz 
2.097 MHz 








SYNC output (See Functional Description, Initializa- 
tion, above). 


CKO Pin Options 


In acrystal controlled oscillator system, CKO is used as 
an output to the crystal network. As an option CKO can 
be a SYNC input as described above. As another option 
CKO can be a general purpose input, read into bit 2o0f A 
(accumulator) upon execution of an INIL instruction. As 
another option, CKO can be a RAM power supply pin (Vp), 
allowing its connection to a standby/backup power sup- 
ply to maintain the integrity of RAM data with minimum 
power drain when the main supply is inoperative or shut 
down to conserve power. Using either option is appro- 
priate in application where the ETL9420/L9421/ 
L9422 system timing configuration does not require 
use of the CKO pin. 


RAM Keep-Alive Option (Not available on ETL9422) 


Selecting CKO as the RAM power supply (Va) allows the 
user to shut off the chip power supply (Vcc) and maintain 
data in the RAM. To insure that RAM data integrity is 
maintained, the following conditions must be met: 


1. RESET must go low before Vcc goes below spec dur- 
ing power-off; Vcc must be within spec before RESET 
goes high on power-up. 

2. During normal operation Va must be within the oper- 
ating range of the chip, with (Voc — 1) © Vr € Voc. 


3. Va must be 2 3.3V with Voc off. 


(SYNC) 


ETL9420/L9421 | £1L9420/19421 | 
/19422 : /19422 





RC Controlled Oscillator 


Instruction 
Cycle Time 
_ ss) 


19 + 15% 
19 + 13% 





Note: 200k = R > 25k 
360 pF 2 C > SOpF 


FIGURE 4—ETL9420/L9421/L9422 OSCILLATOR 
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0 Options 


ETL9420/L9421/L9422 outputs have the following 
optional configurations, illustrated in Figure 5 : 


a. Standard — an enhancement mode device to ground 
in conjunction with a depletion-mode device to Vcc, 
compatible with LSTTL and CMOS input require- 
ments. Available on SO, SK, and all D and G outputs. 


b. Open-Drain — an enhancement-mode device to 
ground only, allowing external pull-up as required by 
the user’s application. Available on SO, SK, and ali D 
and G outputs. 


c. Push-Pull — An enhancement-mode device to ground 
in conjunction with a depletion-mode device paralleled 
by an enhancement-mode device to Vcc. This configu- 
ration has been provided to allow for fast rise and fall 
times when driving capacitive loads. Available on SO 
and SK outputs only. 


d. Standard L — same as a., but may be disabled. Avail- 
able on L outputs only. 


e. Open Drain L — same as b., but may be disabied. 
Available on L outputs only. 


f. LED Direct Drive — an enhancement-mode device to 
ground and to Voc, meeting the typical current 
sourcing requirements of the segments of an LED 
display. The sourcing device is clamped to limit 
current flow. These devices may be turned off under 
program control (See Functional Description, EN 
Register), placing the outputs in a high-impedance 
state to provide required LED segment blanking for a 
multiplexed display. Avaiiable on L outputs only. 

g. TRI-SSTATE® Push-Pull — an enhancement-mode 
device to ground and Vcc. These outputs are TRI- 
STATE outputs, allowing for connection of these 
outputs to a data bus shared by other bus drivers. 
Available on L outputs only. 


ETL9420/L9421/L9422 inputs have the following 
optional configurations. 
h. An on-chip depletion load device to Vcc. 


|. A Hi-Z input which must be driven to. a ‘'1” or “0” by 
external components. 


12/24 


THOMSON SEMICONDUCTEURS 


1-102 





The above input and output configurations share com- 
mon enhancement-mode and depletion-mode devices. 
Specifically, all configurations use one or more of six 
devices (numbered 1-6, respectively). Minimum and 
maximum current (loyr and Voyr) Curves are given in 
Figure 6 for each of these devices to allow the designer 
to effectively use these 1/O configurations in designing 
a ETL9420/L9421 system. 


The SO, SK outputs can be canfigured as shown in a., 
b., or c. The D and G outputs can be configured as 
shown in a. or b. Note that when inputting data to the G 
ports, the G outputs should be set to ‘1’. The L outputs 
can be configured as ind.,@.,f.org. — 


An important point to remember if using configuration 
d. or f. with the L drivers is that even when the L drivers 
are disabled, the depletion load device will source a 
small amount of current (see Figure 6, device 2); however, 
when the L lines are used as inputs, the disabled deple- 
tion device cannot be relied on to source sufficient cur- 
rent to pull an input to a logic 1. 


ETL9421 


if the ETL9420 is bonded as a 24-pin device, it becomes 
the ETL9421, illustrated in Figure 2, ETL9420/L9421 
Connection Diagrams. Note that the ETL9421 does not 
contain the four general purpose IN inputs (IN3-INo). 
Use of this option precludes, of course, use of the IN 
options and the interrupt feature. All other options are 
available for the ETL9421. 


ETL9422 


If the ETL9420is bonded as a 20-pin device, it becomes 
the ETL9422, as illustrated in Figure 2. Note that the 
ETL9422 contains all the ETL9421 pins except Do, Dj, 
Gg, and G1, ETL9422 also does not allow RAM power 
supply input as a valid CKO pin option. 
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g. TRI-STATE® Push-Pull 
(L Output) 


input current IN,-IN; 
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b. Open-Drain Output 
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FIGURE 5 — OUTPLT CONFIGURATIONS 
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Fees 


Voc 
—| [a #2 


Fe | 


#3 


c. Push-Pull Output 


DISABLE 





f. LED (L Output) 


inpuT [X}+-——} Cc 


i. Hi-Z Input 


40H (uA) 


loH(mA) 


Source current for 
standard output 
configuration 
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PAN iitessv NT 
SST 
2 3 4 5 6 
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Source Current for LO-L7 


in TRI-STATE ® Configura- 
tion (Low Current Option) 
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LED Output Direct Segment 


and Digit Drive (High Current 
LED output source LED output source Options on LO-L7) 
current (for high current current (for low current (Very High Current Options 
LED option) LED option) on D0-D3 or GO-G3) 


DEVICE f 
#2 AND #4 


IMAX © 
Vcc = 9.5V 
“a @ 


'oH (mA) 
tou (mA) 
'OH (mA) 





a ac aa 





Vou (VOLTS) Vou (VOLTS) Vcc (VOLTS) 
Output sink current for 
LED Output Direct Segment Output sink current for Ly-L, and standard drive 
Drive SO and SK option for Dy-D3; and Go-G3 
-50 





4 











- 7 a n 
DEVICE aw} : 

bal AND c#1 . a iis 4a VCC =9.5V 
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FIGURE 6 — ETL9420/L9421/L9422 INPUT/OUTPUT CHARACTERISTICS 
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FIGURE 7 — ETL9320/L9321/L9322 INPUT/OUTPUT CHARACTERISTICS 
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ETL9420/L9421/L9422 - INSTRUCTION SET 


Table 1 is a symbol table providing internal architecture, 
instruction operand and operational symbols used in 
the instruction set table. 


Table 2 provides the mnemonic, operand, machine 
code, data flow, skip conditions, and description asso- 
ciated with each instruction in the ETL9420/ 
L9421/L9422 instruction set. 


TABLE 1 — ETL9420/L9421/L9422 INSTRUCTION SET TABLE SYMBOLS 


Symbol Definition 


INTERNAL ARCHITECTURE SYMBOLS 


A 4-bit Accumulator 

B 6-bit RAM Address Register 

Br Upper 2 bits of B (register address) 

Bd Lower 4 bits of B (digit address) 

Cc 1-bit Carry Register 

D 4-bit Data Output Port 

EN 4-bit Enable Register 

G 4-bit Register to latch data for G W/O Port 

IL Two 1-bit Latches associated with the IN3 or 
INQ Inputs 

IN 4-bit Input Port 

L 8-bit TRI-STATE 1/0 Port 

M 4-bit contents of RAM Memory pointed to by 
B Register 

PC 10-bit ROM Address Register (program 
counter) 

Q 8-bit Register to latch data for L I/O Port 

SA 10-bit Subroutine Save Register A 


SB 10-bit Subroutine Save Register B 

Sc 10-bit Subroutine Save Register C 

SiO 4-bit Shift Register and Counter - 

SK Logic-Controlled Clock Output 
16/24 
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Symbol Definition 

INSTRUCTION OPERAND SYMBOLS 

d 4-bit Operand Field, 0- 15 binary (RAM Digit 
Select) 

r 2-bit Operand Field, 0-3 binary (RAM 
Register Select) 

a 10-bit Operand Field, 0- 1023 binary (ROM 
Address) 

y 4-bit Operand Field, 0- 15 binary (Immediate 
Data) 

RAM(s) Contents of RAM location addressed by s 

ROM(t) Contents of ROM location addressed by t 








OPERATIONAL SYMBOLS 


Pius 

Minus 

Replaces 

is exchanged with 

Is equal to 

The ones complement of A 
Exclusive-OR 

Range of values 
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TABLE 2 — ETL9420/L9421/L9422 INSTRUCTION SET © 


Machine 


Hex Language Code 
Mnemonic |Operand| Code Binary) Data Flow Skip Conditions Description 





ARITHMETIC INSTRUCTIONS 













A+C+RAM(B) ~ A Add with Carry, Skip on. 


0 011 [0 00 0} 
Carry > Carry 


Ss ¥ 
ADD Eel 31 f0011J0001) | A+RAM(B)— A None RAM to A 
bod 44: j0100/1010 A+1019 ~A Nore |Add Ten to A 
Carr #0 
10. 0001/0000 A+RAM(B)+C - A Carry Complement and Add with 
Carry ~ C Carry, Skip on Carry 
A 


0000(0000 Clear A 


sa a 

























Ones complement of Ato A 


32 0011/0010 Reset C 


XOR 02 [0000/00 1 9 A@®RAM(B) ~ A 


TRANSFER OF CONTROL INSTRUCTIONS 


JP 


Set C 


ee 





Exclusive-OR RAM with A 








Jump Indirect (Note 3) 









a> | 47:0 | 
None Jump within Page (Note 4) 


{1 36:0 | 
(pages 2,3 only) 
‘or 













-- [14] a50 | 
{all other pages) 






None Jump to Subroutine Page 
(Note 5) 


| wae 


| 47:0 | 
Ree eee OUI), cee 
— ian re — Sei a aan Always Skip on Return Return from Subroutine 
then Skip 


PC +1-+SA—~- SB-SC 
0010 - PCg9-¢ 
a ~ PC5.0 














PC +1—- SA -—-SB-SC 
a> PC 


6- [0 11 oj! Olag.a| 
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TABLE 2 — ETL9420/L9421/L9422 INSTRUCTION SET (continued) 


Machine 


Hex Language Code ea 
Code (Binary) Data Flow Skip Conditions Description 


Copy A, RAM to Q 
[00 1 if 1 00| 
CQMA [0011/0011] Copy Q to RAM, A 
2c {00 10|1 100} 
OO r [Oo « [0101) 101 RAM(B) > Load RAM into A, 
Brer- ae Exclusive-OR Br with r 
LOD 23 [00 1 0j00 1 1" RAM(r,d) + A Load A with RAM pointed 
25 0 Oj r | d | to directly by rd 
oe ae [1 01 uu 11 1 ROM(PC9-8,A,M) > er Load Q Indirect (Note 3) 
SB > SC 


0 4c [0 1 00/1 100] 0 -- RAM(B)o None Reset RAM Bit 
1 45 [0100/0101] 0 > RAM(B)q 
2 42 0100/0010 0 - RAM(B)2 
3 43 [0 1 00/001 1 0 — RAM(B)3 


4D = (0100]1101} 1+ RAM(B)p None Set RAM Bit 


47 (0100|1 101} 1 > RAM(B)y 
46 [0100}0110) 1 RAM(B)2 





MEMORY REFERENCE INSTRUCTIONS | 


cAMa 4 (001 1J00141 










A-~Q7-4 
RAM(B) ~ Q3:0 























Q7-4> oe 
Q3:0 > 






















[0100}1011} 1 RAM(B)3 












STII foris| y | 11 y ~ RAM(B) Store Memory Immediate 
Bd +1 —-Bd and increment Bd 
[00] r [0110 r10110 RAM(B) ** Exchange RAM with A, 
*BrG@r- a Exciusive-OR Br with r 


[(0010j00114| RAM(r,d) + None Exchange A with RAM 
1 ce r pointed to directly by r,d 























































[OO r jo114| r{o11t RAM(B) - A Bd decrements past 0 Exchange RAM with A 
Bd - 1 —- Bd and Decrement Bd, 
B8raGr—- Br Exclusive-OR Br with r 
OOl r {0.0| r |0 100) 100 RAM(B) + A Bd increments past 15 | Exchange RAM withA 
Bd +1 — Bad and Increment Bd, 


REGISTER REFERENCE INSTRUCTIONS 


O00} r [00] © |(a-1)| ~ 1) ra~-B Skip until not a LBI Load B Immediate with r,d 
(d =0, ae 15) (Note 6) 
or 
33 {001 1]0011) 
a 10irj] d 
(any d) 




























33 {001 a 1 Load EN Immediate (Note 7) 
{0 110] y | 


Exchange A with Br 





XABR aon [000 110010} A > Br (0,0 + A3.AQ) 
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TABLE 2 — ETL9420/L9421/L9422 INSTRUCTION SET (continued) 


Skip Conditions Description 















Machine 
Hex Language Code 
Operand | Code (Binary) 











Data Flow 










TEST INSTRUCTIONS 


20 [oo 1 0/0000] Skip if C is True 


[00 1 0j000 1 A = RAM(B) Skip if A Equals RAM 


[001 1001 1 Skip if G is Zero (all 4 bits) 
[00 10/0001) 


[001 1100 1 1 1st byte Skip if G Bit is Zero 
|0000|0001) 

l0001j0001| 

0000/0011} oe 

jooorjoory| 


[9000|000 1] RAM(B)o = 0 Skip if RAM Bit is Zero 


|o001J0001| RAM(B); =0 
[0000/0011| RAM(B)2 = 0 
[0001)0011 RAM(B)3 = 0 


[0 1 00/000 1 ‘A time-base counter Skip on Timer (Note 3) 
carry has occurred 
since last test 


[0011/0011] Input G Ports to A 
[00 10]1010) 


[90 ¥ 1001 1 Input IN Inputs to A (Note 2) 
[00 10}1000) 


|001 1100 1 1 IL3, CKO, "0", Input IL Latches toA 
[0010/1001| (Note 3) 


{001 1001 1 L7:4 ~ RAM(B) input L Ports to RAM,A 


{0010/1110 L390 ~ A 


[001 1/001 1 Output Bd to D Outputs 
[001 11 1 10} 


[0 01 1100 1 1 Output to G Ports Immediate 


0101{ y 


[001 1/001 | RAM(B) ~ G None Output RAM to G Ports 

[0 01 uu 01 O| 

0 100/111 1 A+ SIO, C + SKL Exchange A with SIO 
(Note 3) 


Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are 
numbered 0 to N where signifies the least significant bit (low-order, right-most bit). For example, Azindicates the most significant (left-most) 
bit of the 4-bit A register. 

Note 2: The ININ instruction is only available on the 28-pin ETL9420 as the other devices do not contain the IN inputs. 

Note 3: For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below. 

Note 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. 
The JP instruction, otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page. 
Note 5: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in 
pages 2 or 3. JSRP may not jump to the last word in page 2. 

Note 6 : LBl is a single-byte instruction ifd = 0,9, 10, 11,12, 13, 14 or 15. The machine code for the lower 4 bits equals the binary value of the “d” 
data minus 1, e.g., to load the lower four bits of B (Bd) with the value 9 (10015), the lower 4 bits of the LBI instruction equal 8 (1 000,). Toload 0, the 
lower 4 bits of the LBI instruction should equal 15 (111 19). 

Note 7 : Machine code for operand field y for LEI instruction should equal the binary value to be latched into EN, where a1” or “0" in each bit of 
EN corresponds with the selection or deselection of a particular function associated with each bit. (See Functional Description EN Register). 
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The following information is provided to assist the user 
in understanding the operation of several unique ins- 
tructions and to provide note useful to programmers in 
writing ETL9420/L9421/L9422 programs. 


XAS Instruction 


XAS (Exchange A with SIO) exchanges the 4-bit contents 
of the accumulator with the 4-bit contents of the SIO reg- 
ister. The contents of SIO will contain serial-in/serial-out 
shift register or binary counter data, depending on the 
value of the EN register. An XAS instruction will also 
affect the SK output. (See Functional Description, EN 
Register, above.) If SIO is selected as a shift register, an 
XAS instruction must be performed once every 4 in- 
struction cycles to effect a continuous data stream. 


JID instruction 


JID (Jump Indirect) is an indirect addressing instruction, 
transferring program control to a new ROM location 
pointed to indirectly by A and M. It loads the lower 8 bits 
of the ROM address register PC with the contents of 
ROM addressed by the 10-bit word, PCg-g, A, M, PCg and 
PCg are not affected by this instruction. 


Note that JID requires 2 instruction cycles to execute. 


INIL Instruction 


INIL (input I Latches to A) inputs 2 latches, IL3 and ILo 
(see Figure 8) and CKO into A. The IL3 and ILglatches are 
set if a low-going pulse ('‘1"' to 0”) has occurred on the 
IN3 and INo inputs since the last INIL instruction, 
provided the input pulse stays low for at least two in- 
struction times. Execution of an INIL inputs ILg and ILo 
into A3 and AO respectively, and resets these latchés to 
allow them to respond to subsequent low-going pulses. 
on the INg and INg lines. if CKO is mask programmed as a 
general purpose input, an INIL will input the state of CKO 
into A2. lf CKO has not been so programmed, a ‘'1”’ will 
be placed in A2. A “0” is always placed in A1 upon the 
execution of an INIL. The general purpose inputs IN3-INg 
are input to A upon execution of an ININ instruction. (See 
Table 2, ININ instruction.) INIL is useful in recognizing 
pulses of short duration or pulses which occur too often 
to be read conveniently by an ININ instruction. IL latches 
are not cleared on reset. 


LQID Instruction 


LQID (Load Q Indirect) loads the 8-bit Q register with the 
contents of ROM pointed to by the 10-bit word PCg, PCg, 
A, M. LQID can be used for table lookup or code conver- 
sion such as BCD to seven-segment. The LQID instruc- 
tion “pushes” the stack (PC + 1 - SA - SB SC) and 
replaces the least significant 8 bits of PC as follows: A 
-~» PC7.4, RAM(B) -»PC3:0, leaving PCg and PCg un- 
changed. The ROM data pointed to by the new address 
is fetched and loaded into the Q latches. Next, the stack 
is “popped” (SC — SB - SA —PC), restoring the saved 
value of PC to continue sequential program execution. 
Since LQID pushes SB - SC, the previous contents of SC 
are lost. Also, when LQID pops the stack, the previously 
pushed contents of SB are left in SC. The net result is 
that the contents of SB are placed in SC (SB ~ SC). Note 
that LQID takes two instruction cycle times to execute. 
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FIGURE 8 — INIL HARDWARE IMPLEMENTATION 


SKT Instruction 


The SKT (Skip On Timer) instruction tests the state of an 
internal 10-bit time-base counter. This counter divides 
the instruction cycle clock frequency by 1024 and pro- 
vides a latched indication of counter overflow. The SKT 
instruction tests this latch, executing the next program 
instruction if the latch is not set. If the latch has been set 
since the previous test, the next program instruction is 
skipped and the latch is reset. The features associated 
with this instruction, therefore, allow the ELT9420/ 
L9421/L9422 to generate its own tim-base for real- 
time processing rather than relying on an external input 
signal. 


For example, using a 2.097 MHz crystal as the time-base 
to the clock generator, the instruction cycle clock fre- 
quency will be 65kHz (crystal frequency ~— 32) and the 
binary counter output pulse frequency wil be 64Hz. For 
time-of-day or similar real-time processing, the SKT 
instruction can call a routine which increments a 
“seconds” counter every 64 ticks. 


Instruction Set Notes 

a. The first word of a ETL9420/L9421/L9422 pro- 
gramm (ROM address 0) must be a CLRA (Clear A) 
instruction. 

b. Although skipped instructions are not executed, one 
instruction cycle time is devoted to skipping each 
byte of the skipped instruction. Thus all program 
paths except JID and LQID take the same number of 
cycle times whether instructions are skipped or exe- 
cuted. JID and LQID instructions take 2 cycles if exe- 
cuted and 1 cycle if skipped. 


c. The ROM is organized into 16 pages of 64 words each. 
The Program Counter is a 10-bit binary counter, and 
will count through page boundaries. If a JP, JSRP, 
JID or LQID instruction is located in the last word of 
a page, the instruction operates as if it were in the 
next page. For example: a JP located in the last word 
of a page will jump to a location in the next page. Also, 
a LQID or JID located in the last word of page 3, 7, 11, 
or 15 will access data in the next group of four pages. 
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OPTION LIST 
The ETL9420/L9421/L9422 mask-programmable options ar assigned numbers which correspond with the ETL9420 


pins. 


The following is a list of ETL9420 options. When specifying a ETL9421 chip, Options 9, 10, 19, and 20 must all be set to zero. 
When specifying a ETL9422 chip, options 9, 10, 19, and 20 must all be set to zero ; options 21 and 22 may not be set to one, 
three or five ; and option 2 may not be set to one. The options are programmed at the same time as the ROM pattern to pro- 
vide the user with the hardware flexibility to interface to various |/O components using little or no external circuitry. 


Option 1=0: Ground Pir. — no options available 


Option 2: CKO Output 
=0: clock generator output to crystal/resonator 
(0 not allowable value if Option 3 = 3) 
=1: pin is RAM power supply (Vp) input (not 
available on the ETL9422) 
=2: general purpose input with load device to Voc 
=3: general purpose input, Hi-Z 
= 4: multi-COP SYNC input (CKI + 32, CK! + 16) 
=5: multi-COP SYNC input (CKI + 8) 
Option 3: CKI Input 
=0: oscillator input divided by 32 (2MHz max.) 
=1: oscillator input divided by 16 (1 MHz max.) 
=2: oscillator input divided by 8 (500kHz max.) 
=3: single-pin RC controlled oscillator (+4) 
= 4: Schmitt trigger clock input (+4) 
Option 4: RESET Input 
=0: load device to Voc 
=1: Hi-Z input 
Option 5: L7 Driver 
=0: Standard output 
=1: Open-drain output 
=2: High current LED direct segment drive output 
=3: High current TRI-STATE® push-pull output 
= 4: Low-current LED direct segment drive output 
= 5: Low-current TRI-STATE® push-pull output 
Option 6: Lg Driver 
same as Option 5 
Option 7: Ls5 Driver 
same as Option 5 
Option 8: t4 Driver 
same as Option 5 
Option 9: IN4 Input 
=0: load device to Voc 
=1: Hi-Z input 
Option 10: IN2 Input: 
same as Option 9 
Option 11: Vec pin 
=0: Standard Voc 
=1: Optional higher voltage Voc 
Option 12: L3 Driver 
same as Option 5 
Option 13: Lo Driver 
same as Option 5 
Option 14: Ly Driver 
same as Option 5 
Option 15: Lg Driver 
same as Option 5 


Option 16: SI Input 
same as Option 9 
Option 17: SO Driver 
=0: standard output 
=1: open-drain output 
= 2: push-pull output 
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Option 18: SK Driver 
same as Option 17 
Option 19 : INg Input 
same as Option 9 
Option 20: INg Input 
same as Option 9 
Option 21: Go |/O Port 
=0: very-high current standard output 
=1: very-high current open-drain output 
=2: high current standard output 
= 3: high current open-drain output 
= 4: standard LSTTL output (fanout = 1) 
= 5: open-drain LSTTL output (fanout = 1) 
Option 22: Gz 1/O Port 
same as Option 21 
Option 23: Ga I/O Port 
same as Option 21 
Option 24: G3 I/O Port 
same as Option 21 
Option 25: D3 Output 
same as Option 21 
Option 26: D2 Output 
same as Option 21 
Option 27: Dy Output 
same as Option 21 
Option 28: Do Output 
same as Option 21 
Option 29: L Input Levels 
=0: standard TTL input levels 
(“O" = 0.8V, ‘1° =2.0V) 
= 1: higher voltage input levels 
(“O" = 1.2V, 1" =3.6V) 
Option 30: IN Input Levels 
same as Option 29 
Option 31: G Input Levels 
same as Option 29 
Option 32: SI Input Levels 
same as Option 29 
Option 33: RESET Input 
=0: Schmitt trigger input 
= 1: standard TTL input levels 
=2: higher voltage input levels 
Option 34: CKO Input Leveis (CKO = input; Option 
2=2,3) 
same as Option 29 
Option 35 COP Bonding’ 
=0: ETL9420 (28-pin device) 
= 1: ETL9421 (24-pin device) 
=2: 28 and 24-pin versions 
=3: ETL9422 (20-pin device) 
= 4: 28- and 20-pin versions 
=5: 24- and 20-pin versions 
=6: 28-, 24-, and 20-pin versions 
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TEST MODE (Non-Standard Operation) 


The SO output has been configured to provide for stan- 
dard test procedures for the custom-programmed 
ETLS420. With SO forced to logic ‘’1"’, two test modes 
are provided, depending upon the value of SI : 

a. RAM and Internal Logic Test Mode (SI = 1) 

b. ROM Test Mode (SI = 0) 


These special test modes should not be employed by 
the user; they are intended for manufacturing test only. 


APPLICATION 1 : ETL9420 General Controller 


Figure 9 shows an interconnect diagram for a ETL9420 
used as a general controller. Operation of the system is 
as foliows : 


1. The L7-Lg outputs are configured as LED Direct 
Drive outputs, allowing direct connection to the seg- 
ments of the display. 


GND 


ETL9420 


4 GENERAL 
70 &p——ap| 60°63 


EVENT 
COUNTER 
INPUT 


K* SO* 





. The D3-Dog outputs drive the digits of the multiplexed 


display directly and scan the columns of the 4x4 
keyboard matrix. 


- The IN3-INo inputs are used to input the 4 rows of the 


keyboard matrix. Reading the IN lines in conjunction 
with the current value of the D outputs allows detec- 
tion, debouncing, and decoding of any one of the 16 
keyswitches. 


. CKl is configured as a single-pin oscillator input al- 


lowing system timing to be controlled by a single-pin 
RC network. CKO is therefore available for use as a Vp 
RAM power supply pin. RAM data integrity is thereby 
assured when the main power supply is shut down 
(see RAM Keep-Alive option description). 


. Sl is selected as the input to a binary counter input. 


With SIO used as a binary counter, SO and SK can be 
used as general purpose outputs. , 


. The 4 bidirectional G I/O ports (G3-Go) are available 


for use as required by the user’s application. 


8 SEGMENT 
DATA LINES 


4 DIGIT 
1 LED DISPLAY 


~ &x 4 
CIEE ECR fifure 
IND bee : er MATRIX 


2 GENERAL OUTPUTS 


*SO, SI, SK MAY ALSO BE USED FOR SERIAL 1/0 


FIGURE 9 — ETL9420 KEYBOARD/DISPLAY INTERFACE. 


COPS, MICROWIRE and TRISTATE are registered trademarks of National Semiconductor Corp, 
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PHYSICAL DIMENSIONS 


CB-132 


{1} Nominal dimension 
(2) True geometrical position 





N SUFFIX 
PLASTIC PACKAGE 





CB-68 





(2) True gsometrical position 


N SUFFIX 
PLASTIC PACKAGE 
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PHYSICAL DIMENSIONS 


Ca 2,$4(2) 


dere: 


CB-194 


(1) Nominal dimension 
(2) True geometrical position 





N SUFFIX 
PLASTIC PACKAGE 





These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different products. 


Ret.DSETL9394202122 


Printed in France 


24/24 








THOMSON SEMICONDUCTEURS 


1-114 






COMPONENTS ETL9444 e ETL9445 e ETL9344 e ETL9O345 


_f \Y SINGLE CHIP MICROCONTROLLERS 


EMICONDUCTEURS 











The ETL9444/L9445 and ETL9344/L9345 Single-Chip N-Channel 

Microcontrollers are fully compatible with the COPS® — family, 

fabricated using N-channel, silicon gate XMOS technology. They 

are complete microcomputers containing all system timing, internal 

logic, ROM, RAM and1/O necessary to implement dedicated control 

functions in a variety of applications. Features include single supply CASES 
operation, a variety of output configuration options, with an instruc- 

tion set, internal architecture and 1/O scheme designed to facilitate ETL9444 e ETL9344 
keyboard input, display output and BCD data manipulation. The 

ETL9445 is identical to the ETL9444, except with 19 !/O lines 

instead of 23: They are anappropriate choice for use in numerous 

human interface control environments. Standard test procedures 

and reliable high-density fabrication techniques provide the medium 

to large volume customers with a customized controller oriented pro- 

cessor at a low end-product cost. 


N SUFFIX 


PLASTIC PACKAGE 
The ETL9344/L9345 are exact functional equivalents, but extended 


temperature range versions of the ETL9444/L9445 respectively. 
ETL9345 @ ETL9345 


@ Low cost 
e Powerful instruction set 
e@ 2k x 8 ROM, 128 x 4 RAM 
e@ 23 I/O lines (ETL9444) ‘ | 
@ True vectored interrupt, plus restart N SUFFIX 
e Three-level subroutine stack PLASTIC PACKAGE 
e 16 us instruction time 
@ Single supply operation (4.5-6.3V) 
e Low current drain (13mA max.) 
e Internal time-base counter for real-time processing 
@ Internal binary counter register with MICROWIRE® serial 1/O 
capability | 
e General purpose and TRI-STATE® outputs 
e LSTTL/CMOS compatible in and out 
e Direct drive of LED digit and segment lines 
e Software/hardware compatible with other members of ET 9400 
family 
.@ Extended temperature range devices 
ETL9344/L93451|(-40° C to + 85° C) 
e Wider supply range (4.5-9.5V) optionally available ETL9444 
ETL9544 
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ETL9444/L9445 

ABSOLUTE MAXIMUM RATINGS 

Voltage at Any Pin Relative to GND -0.5V to +10V 

Ambient Operating Temperature 0°C to +70°C 

Ambient Storage Temperature -—65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Power Dissipation 0.75 Watt at 25°C 
0.4 Watt at 70°C 

Total Source Current 120mA 

Total Sink Current 120mA 


Absolute maximum ratings indicate limits beyond which damage 
to the device may occur. DC and AC electrical specifications are 
not ensured when operating the device at absolute maximum 
ratings. 


DC ELECTRICAL CHARACTERISTICS 0°C < < +70°C, 4.5V < Voc < 9.5V (Unless otherwise specified) 


Standard Operating Voltage (Vcc) Note 1 











Optional Operating Voltage (Vcc) 










Power Supply Ripple peak to peak 


Operating Supply Current 





all inputs and outputs open 


Input Voltage Levels 
CKI Input Levels 
Crystal Input (+32, +16, +8) 
Logic High (Viy) 
Logic Low (Vj) 










Schmitt Trigger Input (+4) 
Logic High (Viy4) 
Logic Low (Vit) 
RESET Input Levels 
Logic High 
Logic Low 
















Schmitt trigger input 







SO Input Level (Test mode) 
All Other Inputs 























Logic High Voc = Max. 

Logic High with TTL trip level options 
Logic Low selected, Voc = 5V +5% 
Logic High with high trip level options 
Logic Low selected 


Input Capacitance 






Hi-Z Input Leakage 















Output Voltage Levels 
LSTTL Operation 
Logic High (Von) 
Logic Low (Vo) 
CMOS Operation 

Logic High 
Logic Low 







Voc = 5V+5% 
lou = = —~25uA 
lo, = 0.36mA 











lon = —10uA 
log = +10uA 


Note 1: Vcc voltage change must be less than 0.5V in a 1 ms period to maintain proper operation. 
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DC ELECTRICAL CHARACTERISTICS (continued) 0°C < Ta <+70°C, 4.5V < Voc < 9.5V (Unless otherwise specified) 


Output Current Levels 
Output Sink Current 
SO and SK Outputs (lo,) 












Voc = 9.5V, Vo, =0.4V 
Voc = 6.3V, Vot =0.4V 
Voc = 4.5V, Vo, = 0.4V 


Voc = 9.5V, Vo, = 0.4V 
Vec = 6.3V, Vo- =0.4V 
Voc = 4.5V, VoL =0.4V 


Voc = 9.5V, VoL =1.0V 
Voc = 6.3V, Vo, = 1.0V 
Voc = 4.5V, Voi = 1.0V 
Voc = 9.5V, Vo, = 1.0V 
Voc = 6.3V, Vo, = 1.0V 
Voc = 4.5V, Vo, = 1.0V 
Voc = 4.5V, Vin =3.5V 
Voc = 4.5V, Vo, = 0.4V 
















Lo-L7 Outputs and Standard 
Go-G3, Dg-Dg3 Outputs (Io,) 














Go-G3 and Do-D3 Outputs with 
High Current Options (Io,) 













Go-G3 and Dg-D3 Outputs with 
Very High Current Options (lo,) 

















CKI (Single-pin RC oscillator) 
CKO 
Output Source Current 


Standard Configuration, 
All Outputs (lox) 








Vec = 9.5V, Vou = 2.0V 
Voc = 6.3V, Voy = 2.0V 
Voc = 4.5V, Von = 2.0V 
Voc = 9.5V, Voy = 4.75V 
Vec = 6.3V, Vow = 2.4V 
Vec = 4.5V, Von = 1.0V 
















Push-Pull Configuration 
SO and SK Outputs (lox) 



















LED Configuration, Lo-L7 
Outputs, Low Current 

Driver Option (lox) 

LED Configuration, Lo-L7 
Outputs, High Current 

Driver Option (lox) 
TRI-STATE £ Configuration, 
Lo-L7 Outputs, Low 

Current Driver Option (lox) 
TRI-STATE * Configuration, 
Lo-L7 Outputs, High 
Current Driver Option (lox) 







Voc =:9.5V, Vow = 2.0V 
Vec = 6.0V, Vou =2.0V 






















Vec = 9.5V, Vou = 2.0V 
Voc = 6.0V, Voy = 2.0V 


Voc = 9.5V, Vow = 5.5V 
Vec = 6.3V, Vou = 3.2V 
Voc = 4.5V, Von = 1.5V 


Voc = 9.5V, Voy = 5.5V 
Voc = 6.3V, Von = 3.2V 
Voc = 4.5V, Voy = 1.5V 


Input Load Source Current Voc = 5.0V, Vip = OV 


CKO Output 
RAM Power Supply Option 
Power Requirement Vp =3.3V 
TRI-STATE@Output Leakage 
Current 


Total Sink Current Allowed 
Ail Outputs Combined 
D, G Ports 
L7-l4 
L3-Lo 
All Other Pins 

Total Source Current Allowed 
All (0 Combined 
L7-l4 
L3-Lo 
Each L Pin 
All Other Pins 
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ETL9344/L9345 

ABSOLUTE MAXIMUM RATINGS 

Voltage at Any Pin Relative to GND -0.5V to +10V 

Ambient Operating Temperature -40°C to +85°C 

Ambient Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Power Dissipation 0.75 Watt at 25°C 
0.25 Watt at 85°C 

Total Source Current 120mA 

Total Sink Current 120mA 


Absolute maximum ratings indicate limits beyond which dam2y 
to the device may occur. DC and AC electrical specifications are 
not ensured when operating the device at absolute maximum 
ratings. 


DC ELECTRICAL CHARACTERISTICS — 40°C < Ty, < +85°C, 4.5V < Voc 


< 7.5V (Unless otherwise specified) 





Standard Operating Voltage (Voc) Note 1 





Optional Operating Voltage (Vcc) 





Power Supply Ripple 
Operating Supply Current 


peak to peak 





Input Voltage Levels 


CKI Input Levels 
Crystal Input 
Logic High (Vj) 
Logic Low (Vi,) 
Schmitt Trigger Input 
Logic High (Vi) 
Logic Low (V;.) 
RESET Input Levels 
Logic High 
Logic Low 
SO Input Level (Test mode) 


All Other Inputs 





Schmitt Trigger Input 








Logic High Veco = Max. 

-Logic High with TTL trip level options 
Logic Low selected, Voc = 5V +5% 
Logic High with high trip level options 
Logic Low selected 


Input Capacitance 
Hi-Z Input Leakage 






Output Voltage Levels 
LSTTL Operation 
Logic High (Von) 
Logic Low (Vo) 







Voc =5V+5% 
lon = -20yA 
lo, = 0.36MA 


CMOS Operation 
Logic High 
Logic Low 






Note 1 : Voc voltage change must be less than 0.5V in a 1 ms period to maintain proper operation. 
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all inputs and outputs open 
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DC ELECTRICAL CHARACTERISTICS (continued) — 40°C < Ta < +85°C, 4.5V < Voc < 7.5V (Unless otherwise specified). 


Output Current Levels 
Output Sink Current 
SO and SK Outputs (lo,) 




















Lo-L7 Outputs, and Standard 
Go-G3, DO-Dg Outputs (Io,) 








Go-G3 and Do-D3 Outputs with 
High Current Options (Io,) 








Go-G3 and Do-D3 Outputs with 
Very High Current Options (lo,) 













CK! (Single-pin RC oscillator) 
CKO 
Output Source Current 


Standard Configuration, 
All Outputs (lo) 











Push-Pull Configuration 
SO and SK Outputs (lo) 


















LED Configuration, Lo-L7 
Outputs, Low Current 
Driver Option (lox) 
LED Configuration, Lo-L7 
Outputs, High Current 
Driver Option (lon) 
TRI-STATE® Configuration, 
Lo-L7 Outputs, Low 
Current Driver Option (lo) 
TRI-STATE®Configuration, 
Lo-L7 Outputs, High 
Current Driver Option (lox) 
input Load Source Current 


CKO Output 
RAM Power Supply Option 
Power Requirement 


TRI-STATE® Output Leakage 
Current 


Total Sink Current Allowed 
All Outputs Combined 
D, G Ports 
L7-l4 
L3-Lo 
All Other Pins 

Total Source Current Allowed 
All (0 Combined 
L7-l4 
L3-Lo 
Each L Pin 
All Other Pins 
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Conditions 








Voc = 7.5V, Vo, = 0.4V 
Voc = 5.5V, Vo, = 0.4V 
Voc = 4.5V, Vo, = 0.4V 


Voc = 7.5V, Vo, = 0.4V 
Voc = 5.5V, Vo, = 0.4V 
Voc = 4.5V, Voy = 0.4V 


Voc = 7.5V, Vo, = 1.0V 
Voc = 5.5V, Voy = 1.0V 
Voc = 4.5V, Vo, = 1.0V 
Voc = 7.5V, Vo, = 1.0V 
Voc = 5.5V, Vo. = 1.0V 
Voc = 4.5V, Voy = 1.0V 
Voc = 4.5V, Vip =3.5V 
Voc = 4.5V, Vo, = 0.4V 






Voc = 7.5V, Vow = 2.0V 
Voc = 5.5V, Vow = 2.0V 
Voc = 4.5V, Vou = 2.0V 


Voc = 7.5V, Von = 3.75V 
Voc = 5.5V, Voy = 2.0V 
Veco = 4.5V, Von = 1.0V 


Voc = 7.5V, Voy = 2.0V 
Voc = 6.0V, Voy = 2.0V 
Voc = 5.5V, Vox = 2.0V 
Voc = 7.5V, Von = 2.0V 
Voc = 6.0V, Voy = 2.0V 
Voc # §.5V, Voy = 2.0V 


Voc = 7.5V, Vou = 4.0V 


Voc = 5.5V, Von = 2.7V 
Voc = 4.5V, Voy = 1.5V 
Voc = 7.5V, Voy = 4.0V 
Voc = 5.54, Voy = 2.7V 
Voc = 4.5V, Vou = 1.5V 


Voc = 5.0V, Vi, = OV 
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AC ELECTRICAL CHARACTERISTICS 


ETL9444/L9445 : 0°C < Ty < 70°C, 4.5V < Voc < 9.5V (Unless otherwise specified) 
ETL9344/L9345 : —40°C < T, « +85°C, 4.5V < Voc < 7.5V (Unless otherwise specified). 


Parameter Conditions | Min. =| Max. | 


Instruction Cycle Time — tc 


CKI 
Input Frequency — f, +32 mode 
+16 mode 
+8 mode 
+4 mode 
Duty Cycle 
Rise Time f;) = 2MHz 
Fall Time 
CKI Using RC (+4) R=56k2+5% 
C=100pF+10% 


Instruction Cycle Time 
CKO as SYNC Input 


tsync 
INPUTS: 
IN3-INo, G3-Go, L7-Lo 
tserup 
tHoLo 
S| 
. tsetup 
tHoLo 
OUTPUT PROPAGATION DELAY Test condition: 
C, = 50pF, R, = 20k2, Voyy = 1.5V 
SO, SK Outputs 
tod1, tpdo 
All Other Outputs 
tod1, tpdo 
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FIGURE 2 — CONNECTION DIAGRAMS 


ETL9444 G1 7 Lj5 


IN3 Ls L}7 
fio L4}8 
SK Voc LI 9 
so L3 1} 10 
SI t2 {411 
LO u1 | }12 





Pin Description Pin Description 
L7-Lo 8 bidirectional I/O ports with SK Logic-controlled clock (or general 
TRI-STATE® purpose output) 
G3-Go 4 bidirectional 1/O ports CKI System oscillator input 
CKO System oscillator outpyt (er general 
- 4 al outputs 
D3-Do ee aha, OL purpose input, RAM power supply, or 
IN3-INg 4 general purpose inputs (COP444L only) SYNC input) 
S| Serial input (or counter input) RESET System reset input 
SO Serial output (or general purpose output) Vec Power supply 
GND Ground 


}+—— INSTRUCTION CYCLE TIME (tc) ——+| 







|>—tseTUP—-+{ |=-tHOLD 


CKO & SI =o 
INPUTS [-—!Pp1 Yes 
G3-Go. D3-Do VOH 
L7-Lo, SO, SK 
OUTPUTS 


FIGURE 3 — INPUT/OUTPUT TIMING DIAGRAMS (CRYSTAL DIVIDE-BY-16 MODE) 


—| [two 


CKI | | | | | | | | 
—-|__ [wi --|_ |+'tsync 

CKO 

(INPUT) 


FIGURE 3a — SYNCHRONIZATION TIMING 
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FUNCTIONAL DESCRIPTION 


A block diagram of the ETL9444 is given in Figure 1. 


Data paths are illustrated in simplified form to depict 
how the various logic elements communicate with 
each other in implementing the instruction set of the 
device. Positive logic is used. When a bit is set, itis a 
logic ‘1’ (greater than 2 volts). When a bit is reset, it 
is a logic “0” (less than 0.8 volts). 


All functional references to the ETL9444/L9445 
also apply to the ETL9344/L9345. 


Program Memory 


Program Memory consists of a 2048 byte ROM. As 
can be seen by an examination of theETL9444A.9445 
instruction set, these words may be program instruc- 
tions, program data or ROM addressing data. Because 
of the special characteristics associated with the JP, 
JSRP, JID, and LQID instructions, ROM must often be 
thought of as being organized into 32 pages of 64 
words each. 


ROM addressing is accomplished by a 11-bit PC regis- 
ter. Its binary value selects one of the 2048 8-bit words 
contained in ROM. A new address is loaded into the 
PC register during each instruction cycle. Unless the 
instruction is a transfer of control instruction, the PC 
register is loaded with the next sequential 11-bit binary 
count value. Three levels of subroutine nesting are 
implemented by the 11-bit subroutine save registers, 
SA, SB, and SC; providing a last-in, first-out (LIFO) 
hardware subroutine stack. 


ROM instruction words are fetched, decoded and 
executed by the Instruction Decode, Control and Skip 
Logic circuitry. 


Data Memory 


Data memory consists of a 512-bit RAM, organized as 
8 data registers of 16 4-bit digits. RAM addressing is 
implemented by a 7-bit B register whose upper 3 bits 
(Br) select 1 of 8 data registers and lower 4 bits (Bd) 
select 1 of 16 4-bit digits in the selected data register. 
While the 4-bit contents of the selected RAM digit (M) 
is usually loaded into or from, or exchanged with, the 
A register (accumulator), it may also be loaded into 
or from the Q latches or loaded from the L ports. RAM 
addressing may also be performed directly by the 
LDD and XAD instructions based upon the 7-bit con- 
tents of the operand field of these instructions. The 
Bd register also serves as a Source register for 4-bit 
data sent directly to the D outputs. 


Internal Logic 


The 4-bit A register (accumulator) is the source and 
destination register for most I/O, arithmetic, logic 
and data memory access operations. It can also be 
used to load the Br and Bd portions of the B register, 
to load and input 4 bits of the 8-bit Q latch data, to 
input 4 bits of the 8-bit L I/O port data and to perform 
data exchanges with the SIO register. 


A,4-bit adder performs the arithmetic and logic func- 
tions, storing its results in A. It also outputs a carry 
bit to the 1-bit C register, most often employed to 
indicate arithmetic overfiow. The C register, in con- 
junction with the XAS instruction and the EN register, 
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also serves to contro! the SK output. C can be out- 
putted directly to SK or can enable SK to be a sync 
clock each instruction cycle time. (See XAS instruc- 
tion and EN register description, below.) 


Four general-purpose inputs, IN3-1INo are provided. 


The D register provides 4 general-purpose outputs 
and is used as the destination register for the 4-bit 
contents of Bd. The D outputs can be directly con- 
nected to the digits of a multiplexed LED display. 


The G register contents are outputs to 4 general- 
purpose bidirectional !/O ports. G I/O ports can be 
directly connected to the digits of a multiplexed LED 
display. 


The Q register is an internal, latched, 8-bit register, 
used to hold data loaded to or from M and A, as well 
as 8-bit data from ROM. Its contents are output to the 
L VO ports when the L drivers are enabled under 
program control. (See LEI instruction.) 


The 8 L drivers,when enabled, output the contents of 
latched Q data to the L I/O ports. Also, the contents 
of L may be read directly into A and M.L1/O ports can 
be directly connected to the segments of a multiplexed 
LED display (using the LED Direct Drive output con- 
figuration option) with Q data being outputted to the 
Sa-Sg and decimal point segments of the display. 


The SIO register functions as a 4-bit serial-in/serial- 
out shift register or as a binary counter depending on 
the contents of the EN register. (See EN register 
description, below.) its contents can be exchanged 
with A, allowing it to input or output a continuous 
serial data streatn. SIO may also be used to provide 
additional parallel 1/O by connecting SO to external 
serial-in/parallel-out shift registers. 


The XAS instruction copies C into the SKL latch. Inthe 
counter mode, SK is the output-of SKL; in the shift 
register mode, SK outputs SKL ANDed with the 


Clock. 


The EN register is an internal 4-bit register loaded 
under program control by the LEI instruction. The 
state of each bit of this register selects or deselects 
the particular feature associated with each bit of the 
EN register (EN3- ENg) 


1. The least significant bit of the enable register, 
ENg, selects the SiO register as either a 4-bit shift 
register or a 4-bit binary counter. With ENgset, SIO 
iS an asynchronous binary counter, decrementing 
its value by one upon each low-going pulse (‘'1" to 
0") ocurring on the Si input. Each pulse must be 
at least two instruction cycles wide. SK outputs 
the. value of SKL. The SO output is equal to the 
value of EN3. With ENg reset, SIO is a serial shift 
register shifting left each instruction cycle time. 
The data present at SI goes into the least signifi- 
‘cant bit of SIO. SO can be enabled to output the 
most significant bit of SIO each cycle time. (See 4 
below.) The SK output becomes a logic-controlled 
Clock. 


2. With EN, set the INq input is enabled as an inter- 
rupt input. Immediately following an interrupt, EN4 
is reset to disable further interrupts. 
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3. With EN» set, the L drivers are enabled to output 
the data in Q to the L !/O ports. Resetting EN 
disables the L drivers, placing the L I/O ports ina 
high-impedance input state. 

4. EN3,in conjunction with ENo,affects the SO out- 
put. With ENgset (binary counter option selected) 
SO will output the value loaded into EN3. With ENo 
reset (serial shift register option selected), setting 


EN 3 enables SO as the output of the SIO shift regis- 
ter, outputting serial shifted data each instruction 
time. Resetting EN 3 with the serial shift register 
option selected disables SO as the shift register 
output; data continues to be shifted through SIO 
and can, be exchanged with A via an XAS instruc- 
tion but SO remains reset to “0”. The table below 
provides a Summary of the modes associated with 


EN 3 and ENo. 


Enable Register Modes — Bits EN; and EN, 


Shift Register Input to Shift Register If SKL= 1,SK = CLOCK 
if SKL = 0, SK 


Shift Register Input to Shift Register Serial Out if SKL = 1, SK 
lf SKL = 0, SK 


Binary Counter Input to Binary Counter If SKL = 1, SK 
If SKL = 0, SK 


Binary Counter Input to Binary Counter If SKL = 1, SK 
If SKL = 0, SK = 





Interrupt 

The following features are associated with the IN, “pop” the stack and return program control to the 
interrupt procedure and protoco! and must be consi- instruction following the original ASC. At this 
dered by the programmer when utilizing interrupts. time, the skip logic is enabled and skips this 


instruction because of the previous ASC carry. 
Subroutines and LQID instructions should not be 
nested within the interrupt service routine, since 
their popping the stack will enable any previously 
saved main program skips, interfering with the 
orderly execution of the interrupt routine. 


a. The interrupt, once acknowledged as explained 
below, pushes the next sequential program counter 
address (PC + 1) onto the stack, pushing in turn the 
contents of the other subroutine-save registers to 
the next lower level (PC + 1 SA ~ SB ~ SC). Any 
previous contents of SC are lost. The program 


counter is set to hex address OFF (the last word of d. The first instruction of the interrupt routine at hex 
page 3) and EN; is reset address OFF must be a NOP. 

b. An interrupt will be acknowleuged only after the e. A LE! instruction oa) be put immediately before 
following conditions are met: the RET to re-enable interrupts. 


1. ENz has been set. Pete as. ake 

. fee i Initialization 
2. A low-going pulse ('1" to 0") at least two ot i ee 
power-up if the power supply rise time is less than 


3. A currently executing instruction has been 1ms and greater than tus. If the power supply rise 





completed. time is greater than 1ms, the user use provide an 

4. All successive transfer of control instructions external RC network and diode to the RESET pin as 
and successive LBls have been completed (e.g.. shown below. If the RC network is not used, the 
if the main program is executing a JP instruc- RESET pin must be pulled up to Vcc either by the inter- 
tion which transteNs program control to another nal load or by an external resistor (240k) to Voc. The 
JP instruction, the interrupt will not be acknow- RESET pin is configured as a Schmitt trigger input. 
ledged until the second JP instruction has been Initialization will occur whenever a logic "0" is 
executed. applied to the RESET input, provided it stays low for 

c. Upon acknowledgement of an interrupt. the skip at least three instruction cycle times. 
logic status is saved and later restored upon e 


popping of the stack. For example. if an interrupt 
occurs during the execution of ASC (Add with 
Carry, Skip on Carry) instruction which results in 
Carry, the skip fogic status is saved and program 
control is transferred to the interrupt servicing 
routine at hex address OFF. At the end of the 
interrupt routine, a RET instruct:on 1s executed to 





<ruyuvcn wmMsSO 


RG SS x power supply Rise tune (R B® 40 k) 


Power up clear circuit 
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Upon initialization, the PC register is cleared to0 (ROM 
address 0) and the A, B, C, D, EN, and G registers are 
cleared. The SK output is enabled as a SYNC output, 
providing a pulse each instruction cycle time. Data 
Memory (RAM) is not cleared upon initialization. The 
first instruction at address 0 must be a CLRA. 


Oscillator 


There are four basic clock oscillator configurations 
available as shown by Figure 4. 


a. Crystal Controlled Oscillator. CK! and CKO are 
connected to an externa! crystal. The instruction 
cycle time equals the crystal frequency divided by 
32 (optional by 16 or 8). 


. External Oscillator. CKI is an external clock input 
signal. The external frequency is divided by 32 
(optional by 16 or 8) to give the instruction cycle 
time. CKO is now available to be used as the RAM 
power supply (Vp_), aS a general purpose input, or 
as a SYNC input. 





= PIN) 
b 
CKI CKO 
fala (Vp OR GENERAL 
EXTERNAL | PURPOSE INPUT 
CLOCK OR SYNC PIN) 


Crystal Oscillator 


Component Values 


C19 
220 


47k 
1k 6-36 





1M 220 
1M 30 


FIGURE 4 — ETL9444/L 9445 OSCILLATOR 


Voc 
(Vp OR GENERAL 
PURPOSE INPUT 
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c. RC Controlled Oscillator. CK! is configured as a 
single pin RC controlled Schmitt trigger oscillator. 
The instruction cycle equals the oscillation fre- 
quency divided by 4. CKO is available as the RAM 
power supply (Vr_p) or as a general purpose input. 


. Externally Synchronized Oscillator. Intended for 
use in multi-COP systems, CKO is programmed to 
function as an input connected to the SK output of 
another COP chip operating at the same frequency 
(COP chip with L or C suffix) with CKI connected 
as shown. In this configuration, the SK output con- 
nected to CKO must provide a SYNC (instruction 
cycle) signal to CKO, thereby allowing synchronous 
data transfer between the COPs using only the SI 
and SO serial I/O pins in conjunction with the XAS 
instruction. Note that on power-up SK is automati- 
cally enabled as a SYNC output. (See Functional 
Description, Initialization, above.) 


(SYNC) 





ETL9444/19445 


ETL9444/19445 


RC Controlled Oscillator 





Instruction 
Cycle Time 
R (kQ) C (pF) (8) 
51 100 19+ 15% 
82 19 + 13% 
Note: 200k2 2 R 2 25kQ 
360 pF 2 C 2 50pF 
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CKO Pin Options 


In acrystal controlled oscillator system, CKO is used 
as an output to the crystal network. As an option 
CKO can be a SYNC input as described above. As 
another option CKO can be a general purpose input, 
read into bit 2 of A (accumulator) upon execution of 
an INIL instruction. As another option, CKO can be a 
RAM power supply pin (Vp), allowing its connection 
to a standby/backup power supply to maintain the 
integrity of RAM data with minimum power drain 
when the main supply is inoperative or shut down to 
conserve power. Using either option is appropriate in 
applications where the ETL9444/L9445 system timing 
configuration does not require use of the CKO pin. 


0 Options 


ETL9444/L9445 outputs have the following optional 
configurations, illustrated in Figure 5 : 


a. Standard — an enhancement mode device to 
ground in conjunction with a depletion-mode device 
to Voc, compatible with LSTTL and CMOS input 
requirements. Available on SO, SK, and all D and 
G outputs. 


b. Open-Drain — an enhancement-mode device to 
ground only, allowing external pull-up as required 
‘by the user’s application. Available on SO, SK, and 
all D and G outputs. 


c. Push-Pull — An enhancement-mode device to 
ground in conjunction with a depletion-mode device 
paralleled by an enhancement-mode device to Vcc. 
This configuration has been provided to allow for 
fast rise and fall times when driving capacitive 
loads. Available on SO and SK outputs only. 


d. Standard L — same as a., but may be disabied. 
Available on L outputs only. 


e. Open DrainL — same as b., but may be disabled. . 


Available on L outputs only. 


f. LED Direct Drive — an enhancement-mode device 
to ground and to Voc, meeting the typical current 
sourcing requirements of the segments of an LED 
display. The sourcing device is clamped to limit 
current flow. These devices may be turned off 
under program control (See Functional Descrip- 
tion, EN Register), placing the outputs in a high- 
impedance state to provide required LED segment 
blanking for a multiplexed display. Available on L 
outputs only. 


g. TRI-STATE® Push-Pull — an enhancement-mode 
device to ground and Vcc. These outputs are TRI- 
STATE outputs, allowing for connection of these 
outputs to a data bus shared by other bus drivers. 
Available on L outputs only. 
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ETL9444,'L9445 inputs have the following optional 
configurations : 


h. An on-chip depletion load device to Vcc. 


i. A Hi-Z input which must be driven to a ‘‘1" or "0" 
by external components. 


The above input and output configurations share com- 
mon enhancement-mode and depletion-mode devices. 
Specifically, all configurations use one or more of six 
devices (numbered 1-6, respectively). Minimum and 
maximum current (Ioy7 29d Vout Curves are given in 
Figure 6 for each of these devices to allow the designer 
to effectively use these I/O configurations in designing 
a system. 


The SO, SK outputs can be configured as shown in a., 
b., or c. The D and G outputs can be configured as 
shown in a. or b. Note that when inputting data to the 
G ports, the G outputs should be set to ‘1.’ The L 
outputs can be configured as in d., e., f. or g. 


An important point to remember if using configura- 
tion d. or f. with the L drivers is that even when the L 
drivers are disabled, the depletion load device will 
source a smal! amount of current (See Figure 6, device 
2); however, when the L-lines are used as inputs, the 
disabled depletion device can not be relied on to 
source sufficient current to pull an input to logic “1”. 


RAM Keep-Alive Option 


Selecting CKO as the RAM power supply (Vp,) allows 
the user to shut off the chip power supply (Vcc) and 
maintain data in the RAM. 

To insure that RAM data integrity is maintained, 
the following conditions must be met: 


1. RESET must go low before Voc goes low during 
power Off; Vec must go high before RESET goes 
high on power-up. 

2. Va must be within the operating range of the chip, 
and equal to Vcc + 1V during normal operation. 


3. Va must be 2 3.3V with Vcc off. 





- ETL9445 


If the ETL9444 Is bonded as a 24-pin device, it beco- 
mes the ETL9445, illustrated in Figure 2, ETL9444 
Connection Diagrams. Note that the ETL9445 does 
not contain the four general purpose IN inputs (IN3- 
IN). Use of this option precludes, of course, use of 
the IN options and the interrupt feature, which uses 
INz. All other options are available for the ETL9445. 
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Voc #3 Voc 

a #2 — a #2 
ie = pads i 
a. Standard Output b. Open-Drain Output c. Push-Pull Output 


DISABLE 


#4 Vcc 





DISABLE ™ 


eee a 
7 


(a@lS OEPLETION DEVICE) = 


d. Standard L Output e. Open-Drain L Output f. LED (L Output) 
DISABLE Voc. 
#6 
= input [<-—_—J [ 
INPUT a = 
g. fa SiAeOpaivun (L Output) h. Input with Load i. Hi-Z Input 


FIGURE 5 — OUTPUT CONFIGURATIONS 
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Device by Software Output Configuration 


% neseeeiala bai NT DEVICE s 2 
ASzaRRe 


~200 
























Pa lal | ewe oe ANCE Ee 
THe A ee. 2 ae eer 
q al " cae 3 ool 1 | | Nimaxevecssy | 
Pa —100 S ple old F3 = ; _ 
= > 40 
BAD NGARSS Noten 45V = aee ae a 
-£0 
; -200 4 
Seer AER i} SBS 
oli ne » <i 0 Patt KO TEM 
0 10 rer 4050607980 95 2.0 
Vin (VOLTS) Von (VOLTS) 
Source Current for Lg through Source Current for Lp through 
Source Current for SO and SK L7 in TRI-STATE®Configura- L7 in TRI-STATE ®Contigura- 
it Push-Pull Configuration tion (High Current Option) tion (Low Current Option) 
3 Wak @ Z 
3 S 
IMIN 
Voc =4.5V 
0123 4567 8 9 10 012345 67 8 9 10 
DEVICE c#2 
VoH(VOLTS) AND #3 VoH(VOLTS) VOH(VOLTS) 


THOMSON SEMICONDUCTEURS —————————_—_—____— i —- 


1-127 





ETL 9444/9445 e ETL 9344/9345 





LED Output Source Current 
(for High Cusrent LED Option) 


DEVICE ft 
+2 AND =4 


'oH (mA) 
ign (mA) 





Von (VOLTS) 


LED Output Direct Segment 
Drive 


DEVICE ¢ 
=2 AND =4 


ton (mA) 
lor(mA) 





Vcc (VOLTS; 


Output Sink Current 
Gog-G3 and Dy:D3 with Very 
High Current Option 


lou (mA) 


VoLIVOLTS) 


FIGURE 6a — ETL9444/L9445 INPUT/OUTPUT CHARACTERISTICS 
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LED Output Source Current 
(for Low Current LED Option) 
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Output Sink Current for SO 
and SK 


DEVICE a1 
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he toy 
| IMIN « Voc =4.5V 
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Input Current for LO-L7 
when Output Programmed 
Off by Software 
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Source Current for 
Standard Output 
Configuration 
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FIGURE 6b — ETL9344/L9345. INPUT/OUTPUT CHARACTERISTICS 





THOMSON SEMICONDUCTEURS Loa 


1-129 





ETL9444/9445 e ETL9344/9345 





ETL9444/L9445,ETL9344/L9345 Instruction Set 


Table 1is a symbol table providing internal architecture, Table 2 provides the mnemonic, operand, machine 
instruction Operand and operational symbols used in code, data flow, skip conditions, and description asso- 
the instruction set table. ciated with each instruction in the ETL9444/L9445 ins- 


truction set. 


TABLE 1 — ETL9444/L9445 ETL9344/L9345 INSTRUCTION SET TABLE SYMBOLS 


Symbol Definition Symbol Definition 
INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS : 
A 4-bit Accumulator d 4-bit Operand Field, 0- 15 binary (RAM Digit 
B 7-bit RAM Address Register Select) 
Br Upper 3 bits of B (register address) r 3-bit Operand Field, 0-7 binary (RAM Register 
Bd Lower 4 bits of B (digit address) Select) 
Cc 1-bit Carry Register a 11-bit Operand Field, 0- 2047 binary (ROM 
D 4-bit Data Output Port Address) 
EN 4-bit Enable Register y 4-bit Operand Field, 0- 15 binary (Immediate 
G 4-bit Register to latch data for G I/O Port Data) 
IL Two 1-bit latches associated with the INg or RAM(s) Contents of RAM location addressed by s 
INo inputs ROM(t) Contents of ROM location addressed by t 
IN 4-bit Input Port 
L 8-bit TRI-STATE® I/O Port OPERATIONAL SYMBOLS 
M 4-bit contents of RAM Memory pointed to by 
B Register Plus 
PC 11-bit ROM Address Register (program Minus 
counter) Replaces 
Q 8-bit Register to latch data for L I/O Port 


Is exchanged with 
SA 11-bit Subroutine Save Register A 


$B 11-bit Subroutine Save Register B 
Sc 11-bit Subroutine Save Register C 
SiO 4-bit Shift Register and Counter 
SK Logic-Controlled Clock Output 


Is equal to 

The one’s complement of A 
Exclusive-OR 

Range of values 


-@ rn f py t+ 
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TABLE 2 — ETL9444/L9445 INSTRUCTION SET 


Machine 


Language Code 
Operand | Code (Binary) Data Flow Skip Conditions Description 





ARITHMETIC INSTRUCTIONS 


A+C+RAM(B) -~ A y Add with Carry. Skip on 
Carry + C Carry 


Add RAM to A 
Add TentoA 


Add Immediate. Skip on 
Carry (y * 0) 
A+ RAM(B)+C-—- A Complement and Add with 
Carry ~ C Carry, Skip on Carry 
Ones complement of Ato A 





Jump within Page (Note 4) 





(pages 2,3 only) 
or 










[1 1] a5-0 | 
all other pages) 


















Jump to Subroutine: Page 
(Note 5) 


PC +1—- SA ~ SB —- SC 
a — PC5.9 

















PC +1-~-SA-—SB-SC Jump to Subroutine 


a-—- PC 


6- [0 1 1 O}1}a10:8| 


a= 47:0 
pS ReT | 48 {0 100|1000} SC + SB ~- SA — PC Return from Subroutine 
RETSK -_ 49 |0 1 00|1 00 1| SC ~- SB ~ SA — PC Always Skip on Return Return from Subroutine 
then Skip 
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TABLE 2 — ETL9444/L9445 INSTRUCTION SET (continued) 


Machine 


Hex Language Code 
Operand | Code (Binary) Data Flow Skip Conditions - Description 


MEMORY REFERENCE INSTRUCTIONS 


[00 1 100 1.1 A—-Q74 None Copy A. RAM to Q 
(001111100 RAM(B)—> Q3 0 
0013/0011 Q7 4-—> RAM(B) None Copy Q to RAM. A 
[001011100] 30-59 
{0 Of « j0101) 110101 RAM(B)—> A None Load RAM into A. 

(r = eet 3) Br @r-—> Br Exclusive-OR Br with r 
[0 01 oj001 " RAM(r.d)—> A- None Load A with RAM pointed 
aa r | d | to directly by rid 


SB->SC 


AC [0100]1100; | O-F RAM(B)o, None Reset RAM Bit 

45 [0100/0101] | O->RAM(B)y 

42 (0100/0010) | O--RAM(B)a, 

43 {0 1 00100 1 1" O—» RAM(B)3 

4D |0100}1101) | 1+ RAM(Big Set RAM Bit 
J0100}1101) | 1—+RAM(B), 
J0100}0110) | 1» RAMIBI2 
JOr0o1018] | 1 RAMEE 


| 0) r |0110) r|0110 RAM(B)*A Exchange RAM with A. 
(f= Co nele ae 3) Br @ r— Br Exclusive-OR Br with r 





Exchange A with RAM 


pointed to directly by r.d 


|0 0 f {0 1 1 1] RAM(B)-++A Bd decrements past 0 Exchange RAM with A 
(r = 0:3) Bd - 1—=8d and Decrement Bd, 
Br @r —>Br Exclusive-OR Br with + 


00} r {0100 RAM(B) = A Bd increments past 15 Exchange RAM with A 
(r= 0:3) Bd + 1 Bd and Increment Bd, 
Br@r - Br Exclusive-OR Br with + 









| CopyBdtoA Bato A 














Load Bonne ee Immediate with r.d 
(Note 6) 


|0 O| r |(d - 1) aCe Skip until not a LBI 


(fF = 0°3: 
d=0. 9:15) 
or 


33 [0011/0011] 


-- Wor d 
(any r, any d) 


|001 110001] 
{01 10} y | 


12 000110010 





















Load EN Immediate (Note 7) 











AS Br (0 = Ag) f Noe Exchange A with Br 
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TABLE 2 — ETL9444/L9445 INSTRUCTION SET (continued) 


Machine 
Hex Language Code ae 
Mnemonic | Operand Code (Binary) Skip Conditions Description 


TEST INSTRUCTIONS 


G3:0 = 











Data Flow 













j0011j001 1] Skip if Gis Zero 


| AEE (all 4 bits) 


{001130011 
joooojo001| 
0001/0001] 
looo0o0l0011| 
[000 1/001 1{ 


[000 0j000 1} 


























1st byte Skip if G Bit 1s Zero 









2nd byte 























RAM(B)g Skip if RAM Bit 1s Zero 








looo01j0001 RAM(B)1 = 
loo 0 ojo011 RAM(B)2 





tt 
oo oO Oo 


{0001/001 1| 


RAM(B)3 











Skip on Timer 
(Note 3) 


A time-base counter 
carry has occurred 
since last test 











Input G Ports to A 





[001 1j001 1) 
[0010/1010] 


{0011/0011} 
[00 10{1000| 


(0011/0011 
[0010/1001 


[O01 10011] 
{00 10]1110| 


JO01 10011) 
{0 0 1 111110 







Input IN Inputs to A 
(Note 2) 


















Input IL Latches toA 
(Note 3) 





IL3, CKO,"0", ILg + A 







Input L Ports to RAM.A 








L7-4 -* RAM(B) 








‘Output Bd to D Outputs 







Output to G Ports 
Immedtate 











{(0011j001 1] 
3A [0.01 1{1010| 


[O10 0j1111) A-- SIO,C — SKL None Exchange A with SIO 
(Note 3) 


Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are 
numbered 0 to N where 0 signifies the least significant bit (low-order, right-most bit). For example, A, indicates the most significant (left-most) bit of 
the 4-bit A register. 

Note 2: The ININ instruction is not available on the 24-pin ETL9445 or ETL9345 since these devices do not contain the IN inputs. 

Note 3 : For additional information on the operation of the XAS, JID, LQUID, INIL, and SKT instructions, see below. 

Note 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The 
JP instruction, otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page. 
Note 5: AJSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). AUSRP may not be used when in pages 
2 or 3. JSRP may not jump to the last word in page 2. . 

Note 6 : LBI is a single-byte instruction if d = 0, 9, 10, 11, 12, 13, 14 or 15. The machine code for the lower 4 bits equals the binary value of the “d” data 
minus 1, €.g., to load the lower four bits of B (Bd) with the value 9 (1001,), the lower 4 bits of the LBI instruction equal 8(1000,). To load 0, the lower 4 
bits of the LBI instruction should equal 15 (1111,). 

Note 7 : Machine code for operand field y for LEI instruction should equal the binary value to be jatched into EN, where a1" or “0” in each bit of EN 
corresponds with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN Register). 


Output RAM to G Ports 
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The following information is provided to assist the 
user in understanding the operation of several unique 
instructions and to provide notes useful to program- 
mers in writingETL9444/L9445 programs. 


XAS Instruction 


XAS (Exchange A with SIO) exchanges the 4-bit con- 
tents of the accumulator with the 4-bit contents of 
the SIO register. The contents of SIO will contain 
serial-in/serial-out shift register or binary counter 
data, depending on the value of the EN register. An 
XAS instruction will also affect the SK output. (See 
Functional Description, EN Register, above.) If SIO is 
selected as a shift register, an XAS instruction must 
be performed once every 4 instruction cycles to 
effect a continuous data stream. 


JID Instruction 


JID (Jump Indirect} is an indirect addressing instruc- 
tion, transferring program control to a new ROM 
location pointed to indirectly by A and M. It loads the 
lower 8 bits of the ROM address register PC with the 
contents of ROM addressed by the 11-bit word, 


PC10:8 A, M. PCi19,PCg and PCg are not affected by 
this instruction. 


Note that JID requires 2 instruction cycles to execute. 


INIL Instruction 


INIL (Input IL Latches to A) inputs 2 latches, IL3 and 
ILg (see Figure 7) and CKO into A. The IL3 and ILo 
latches are set if a low-going pulse (‘‘1” to “0O”) has 
occurred on the INg and INo inputs since the last INIL 
instruction, provided the input pulse stays low for at 
least two instruction times. Execution of an INIL 
inputs IL3 and ILg into A3 and AO respectively, and 
resets these latches to allow them to respond to sub- 
sequent low-going pulses on the INg and INo lines. If 
CKO is mask programmed as a general purpose 
input, an INIL will input the state of CKO into A2. If 
CKO has not been so programmed, a ‘'1"’ will be 


placed in A2. A “0” is always placed in A1 upon the: 


execution of an INIL. The general purpose inputs 
IN3-INo are input to A upon execution of an ININ 
instruction. (See Table 2, ININ instruction.) INIL is 
useful in recognizing pulses of short duration or 
pulses which occur too often to be read conveniently 
by an ININ instruction. 


Note : IL latches are not cleared on reset : ILg and ILo 
not input on ETL9444/L9445. 


LQID Instruction 


LQID (Load Q Indirect) loads the 8-bit Q register with 
the contents of ROM pointed to by the 11-bit word 
PC19,PCg, PCg, A, M. LQID can be used for table 
lookup or code conversion such as. BCD to seven- 
segment. The LQID instruction ‘‘pushes” the stack 
(PC + 1 SA ~ SB ~SC) and replaces the least signi- 
ficant 8 bits of PC as follows: A — PC7-4, RAM(B) —» 
PC3:9, leaving PC19, PCg and PCg unchanged. The 
ROM data pointed to by the new address is fetched 
and loaded into the Q latches. Next, the stack is 
“popped” (SC — SB — SA PC), restoring the saved 
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FIGURE 7 — INIL HARDWARE IMPLEMENTATION 


value of PC to continue sequential program execu- 
tion. Since LQID pushes SB ~> SC, the previous 
contents of SC are lost. Also, when LQID pops the 
stack, the previously pushed contents of SB are left 
in SC. The net result is that the contents of SB are 
placed in SC (SB ~ SC). Note that LQID takes two 
instructiun cycle times to execute. 


SKT Instruction 


The SKT (Skip On Timer) instruction tests the state of 
an internal 10-bit time-base counter. This counter 
divides the instruction cycle clock frequency by 1024 
and provides a latched indication of counter over- 
flow. The SKT instruction tests this latch, executing 
the next program instruction if the latch is not set. If 
the latch has been set since the previous test, the 
next program instruction is skipped and the latch is 
reset. The features associated with this instruction, 
therefore, allow the ETL9344/L9345 to generate its 
own time-base for real-time processing rather than 
relying on an external input signal. 


For example, using a 2.097 MHz crystal as the time- 
base to the clock generator, the instruction cycle 
clock frequency will be 65kHz (crystal frequency ~+ 32) 
and the binary counter output pulse frequency will be 
64 Hz. For time-of-day or similar real-time processing, 
the SKT instruction can cal! a routine which incre- 
ments a “seconds” counter every 64 ticks. 


instruction Set Notes 


a. The first word of aETL9444/L9445program (ROM 
address 0) must be a CLRA (Clear A) instruction. 


b. Although skipped instructions are not executed, 
one instruction cycie time is devoted to skipping 
each byte of the skipped instruction. Thus all 
program paths except JID and LQID take the same 
number of cycle times whether instructions are 
skipped or executed. JID and LQID instructions 
take 2 cycles if executed and 1 cycle if skipped. 


c. The ROM is organized into 32 pages of 64 words 
each. The Program Counter is an 11-bit binary 
counter, and will count through page boundaries. !! 
a JP, JSRP, JID or LQID instruction is located in the 
last word of a page, the instruction operates as if 
it were in the next page. For example: a JP located 
in the last work of a page will jump to a location in 
the next page. Also, a LQID or JID located in the 
last word of page 3, 7, 11, 15, 19, 23, or 27 will access 
data in the next group of four pages. 
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OPTION LIST 


The ETL9444/L9445 mask-programmable options are 
assigned numbers which correspond with the ETL9444 
pins. 


The following is a list of ETL9444 options. When spe- 
cifying ETL9445 chip, Options 9, 10, 19, and 20 must ail 
be set to zero. The options are programmed at the 
same time as the ROM pattern to provide the user with 
the hardware flexibility to interface to various I/O com- 
ponents using little or no external circuitry. 


Option 1=0: Ground Pin — no options available 


Option 2: CKO Output 

=0: clock generator output to crystal/resonator 
(0 not allowable value if option 3 = 3) 

= 1: pin is RAM power supply (Vp) input 
=2: general purpose input. load device to Voc 
= 3: general purpose input, Hi-Z 
= 4: multi-COP SYNC input (CKI + 32, CKI + 16) 
=5: multi-COP SYNC input (CKI + 8) 


Option 3: CKI Input 
=0: oscillator input divided by 32 (2MHz max.) 
= 1: oscillator input divided by 16 (1 MHz max.) 
=2: oscillator input divided by 8 (500kHz max.) 
=3: single-pin RC controlled oscillator divided by 4 
=4: oscillator input divided by 4 (Schmitt) 


Option 4: RESET Input 
=0: load device to Voc 
=1: Hi-Z input 


Optiorm 5: L7 Driver 
=0: Standard output 
=1: Open-drain output 
= 2: High current LED direct segment drive output 
=3: High current TRI-STATE® push-pull output 
= 4: Low-current LED direct segment drive output 
=5: Low-current TRI-STATE® push-pull output 


Option 6: Lg Driver 
same as Option 5 
Option 7: Ls Driver 
same as Option 5 
Option 8: L4 Driver 
same as Option 5 
Option 9: IN4 Input 
=0: load device to Voc 
=1: Hi-Z input 
Option 10: INo Input 
same as Option 9 
Option 11: Voc pin 
=0: 4.5V to 6.3V operation 
=1: 45V to 9.5V operation 
Option 12: Lg Driver 
same as Option 5 
Option 14: Lo Driver 
same as Option & 
Option 14: Ly Driver 
same as Option 5 


Option 15: Lo Driver 
same as Option 5 


Option 16: Si Input 
same as Option 9 


Option 17: SO Driver 
=0: standard output 
= 1: open-drain output 
= 2: push-pull output 


Option 18: SK Driver 
same as Option 17 


Option 19: INg Input 
same as Option 9 


Option 20: INg Input 
same as Option 9 


Option 21: Gg I/O Port 
=C: very-high current standard output 
= 1: very-high current open-drain output 
=2: high current standard output 
= 3: high current open-drain output 
= 4: standard LSTTL output (fanout = 1) 
=5: open-drain LSTTL output (fanout = 1) 


Option 22: G4 I/O Port 
same as Option 21 


Option 23: Gg |/O Port 
same as Option 21 


Option 24: Gg I/O Port 
same as Option 21 


Option 25: D3 Output 
same as Option 21 


Option 26: D2 Output 
same as Option 21 


Option 27: Dy Output 
same as Option 21 


Option 28: Dg Output 
same as Option 21 


Option 29: L Input Levels 
=0: standard TTL input |2vels 
('0" =0.8V, 1° = 2.0V) 
= 1: higher voltage input levels 
(O° =1.2V, ‘1° =3.6V) 


Opticn 30: IN Input Leveis 
same as Option 29 


Option 31: G input Levels 
same as Option 29 


Option 32: Si Input Leveis 
same as Option 29 


Option 33: RESET Input 
=0: Schmitt trigger input 
= 1: standard TTL input levels 


“ 


=<: higher voltage input levels 


Option 34: CKO Input Levels (CKO = input. Option 2 = 2,3) 
same as Option 29 


Option 35 COP Bonding 

=9: ETL9444 (28-pin device) 

= 1: ETL9445 (24-pin device) 

= 2: both 28 and 24-pin versions 
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TEST MODE (Non-Standard Operation) 


The SO output has been configured to provide for stan- 2. The D3-Do outputs drive the digits of the multi- 
dard test procedures for the custom-programmed plexed display directly and scan the columns of 
ETL9444. With SO forced to logic 1”, two test modes are the 4 x 4 keyboard matrix. 
provided, depending upon the value of SI : 3. The IN3-INg inputs are used to input the 4 rows of 
a. RAM and Internal Logic Test Mode (SI = 1) the keyboard matrix. Reading the IN lines in 
conjunction with the current value of the D 
b. ROM Test Mode (SI = 0) outputs allows detection, debouncing, and deco- 
These special test modes should not be employed by the eine ot als nei ee pevewitches: : 
user ; they are intended for manufacturing test only. 4. CKl IS configured as a single-pin oscillator input 
allowing system timing to be controlled by a 
APPLICATION EXAMPLE : single-pin RC network. CKO is therefore available 
ETL9444 General Controller for use as a general-purpose input. 


5. SI is selected as the input to a binary counter 
input. With SIO used as a binary counter, SO and 
SK can be used as general purpose outputs. 


' ; 6. The 4 bidirectional G 1/O ports (G3-Go) are avai- 
1. The L7-Log outputs are configured as LED Direct : : raeane 
Drive outputs, allowing direct connection to the lable for use as required by the user's application. 
segments of the display. 7. Normal reset operation is selected. 


Figure 8 shows and interconnect diagram for a ETL9444 
used as a general controller. Operation of the system is as 
follows : 


8 SEGMENT 
DATA LINES 













Voc 


4 DIGIT 


GND LED DISPLAY 


Vec RESET ETL9444 


INPUT ===) CKO 


4 Sane C_ .> Go - G3 KEYS TC 
KEYSWITCH 
EVENT MATRIX 


COUNTER >] S} 
INPUT 


2 GENERAL OUTPUTS 


FIGURE 8 — ETL9444 KEYBOARD/DiSPLAY INTERFACE 


COPS, MICROWIRE and TRI-STATE are registered trademarks of National Semiconductor Corp. 
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PHYSICAL DIMENSIONS 


CB-132 





N SUFFIX 
PLASTIC PACKAGE 


(1) Nominal dimension 
(2) True geometrical position 
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CB-68 





N SUFFIX 
PLASTIC PACKAGE 


(1) Nominal dimension 
42) True geometrical position 





These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different products. 


Ref.DSETL93944445 


Printed in France 
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94104 
| SINGLE CHIP MICROCONTROLLER 





GENERAL DESCRIPTION 


The TS94104 ROMless N-channel microcontroller is a member of the 
TS94100 family, fabricated using N-channel, silicon gate XMOS technol- 
ogy. 

The TS94104 contains the internal logic of the TS94100 microcontroller 
family except ROM. 


This internal logic is identical to the TS94144 except that the ROM is 

removed and extra pins are added to output the ROM address and to input 

the ROM data. The TS94104 can be configured, by means of external pins, 

to function as a TS94120 or TS94144. Pins have been added to allow the 
user to select the various functional options that are available on TS94100 
family. The T$94104 is primarily entended for a program development and 
debug for the TS94120 and TS94144 devices prior to masking the final 
part. 

The TS94104 is also appropriate in low volume applications or when the 

program might be evolutive. 





PLASTIC PACKAGE 


PIN ASSIGNMENT 


FEATURES 


1P1 
1p2 
1P3 
1P4 
sP5 
IPG 
1P7 
AD / DATA 
NOT USED 
G3 
D3 
NOT USED 
D2 
D1 


e Accurate emulation of the TS94100 family. 

e Powerful instruction set (52 instructions). 

e Addresses 2K x 8 external ROM. 

e 128 x 4 RAM. 

e Interrupt sources: external, internal counter or dual-time peripheral. 

e 3-level subroutine stack. 

e 4 us instruction cycle. 

e Single supply operation (4.5 V - 5.5 V). 

e Low-current drain (15 mA max.). 

e Programmable read/write 8 bit internal counter. 

e Internal shift register with serial |/O. 

e Watch-dog feature. mci 

NOT USED 
L? 
L6 

NOT USED 

NOT USED 

NOT USED 


NOT USED 
A10 


e Dual timer peripheral for complex waveforms generation and mea- 
surements. 


e General purpose and tri-state outputs. 
e TTL compatible. 


e Direct drive of LED digit and segment line. 
e Direct drive of TRIAC. 
e@ Extended temperature (— 40°C to + 85°C) available. 


e Software compatible with the other member of ET9400, TS94100 
families. 
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FUNCTIONAL DESCRIPTION 


The internal architecture is shown in Figure 1. Data 
paths are illustred in simplified form to depict how the 


various logic elements communicate with each other in | 


implementing the instruction set of the device. Positive 
logic is used. When a bit is set, it is a logic ‘1°’ when it is 
reset, it is a logic “O”’. 


PROGRAM MEMORY 


Program memory consists of a 2K byte external ROM 
memory (typically an EPROM). 


These bytes of ROM may be program instructions, con- 
stants or ROM addressing data. 


ROM addressing is accomplished by a 11-bit PC register 
which selects one of the 8-bit words contained in ROM. 
A new address is loaded into the PC register during each 
instruction cycle. Unless the instruction is a transfer of 
control instruction, the PC register is loaded with the 
next sequential 11-bit binary count value. 


Three levels of subroutine nesting are implemented by a 
three levels deep stack. Each subroutine call (or inter- 
rupt) pushes the next PC address into the stack. Each 
return pops the stack back into the PC register. 


DATA MEMORY 


Data memory consists of a 512-bit RAM organized as 8 
data registers of 16 x 4-bit digits. RAM addressing is 
implemented by a 7-bit B register whose upper 3 bits 
(Br) select 1 or 8 data registers and lower 4 bits (Bd) 
select 1 of 16 4-bit digits in the selected data register. 


To emulate with accuracy the TS941 20, the size of the 
RAM available to the user may be reduced by using 
SEL10 and SEL20 pins to obtain the following configura- 
tions: 


— a 128 digits RAM is available, thus emulating an 
TS94144, 


— the user RAM is physically halved to 64 digits 
(256 bits) thus emulating an TS94120, 


The upper most bit of Br (Br3) register is only used to 
select between the RAM and the peripheral. 


While the 4-bit contents of the selected RAM digit (M) are 
usually loaded into or from, or exchanged with the A 
register (accumulator), they may also be loaded into the 
Q latches or loaded from the L ports. RAM addressing may 
also be performed directly by the LDD and XAD instruc- 
tions based upon the immediate operand field of these 
instructions. 


The Bd register also serves as a source register for 4-bit 
data sent directly to the D outputs. 
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INTERNAL LOGIC 

A 4-bit A register (accumulator) is the source and destina- 
tion register for most I/O, arithmetic, logic and data 
memory access operations. It can also be used to load 
the Br and Bad field of the B register, to load and input 4 
bits out of the 8-bits Q latch, to input 4 bits out of a ROM 
word, to input G or IN ports, and to perform data ex- 
changes with the SIO register. 


A 4-bit adder performs the arithmetic and logic functions, 
storing the results in A with eventually a carry bit in the 
1-bit C register. The C register in conjunction with the XAS 
instruction and the EN register is also related to the SK 
output control. 


The 8-bit T counter is a binary up counter which can be 
loaded to and from M and A using CAMT and CTMA in- 
structions. This counter may be running in two modes 
depending on TIN: as a timer or as an external event 
counter. When the T counter overflows, an overflow flag 
will be set (see SKT instruction below). Note that T coun- 
ter is cleared on reset. A functional block diagram of the 
timer/counter is illustrated in Figure 4. 


3 general-purpose inputs, IN3-IN1, are provided. Note 
that IN3 can be considered as a dual-timer input. INO is 
an analog input connected to an internal comparator. 


The D register provides, 4 general-purpose outputs and 
is used as the destination register for the 4-bit contents 
of Bd. D3 is also used as the watchdog input when the 
watchdog option is selected. 


The G register is a 2-bit general-purpose bidirectional I/O 
port (G3-G2). GO-G1 are the outputs of the peripheral and 
can also be used as general-purpose inputs. 


The Q register is an internal, latched, 8-bit register, used 
to hold data loaded to or from M and A, as well as 8-bit 
data from ROM. Q register contents are transferred to the 
L 1/O ports when the L drivers are enabled under program 
control (see LEI instruction). 


L driver, when enabled, outputs the content of latched Q 
data to the L1/O ports. Contents of L may be read directly 
into A and M. 


The SIO register is a 4-bit serial-in/serial-out shift register 
for the serial out. SIO content can be exchanged with A. 


The XAS instruction copies C into the SKL Latch. 


When SKL = 1, SK is a clock output 
When SKL = 0, SK outputs a value depending upon the 
contents of ENO and ENS. 


The « EN register » is an internal 4-bit register loaded 
under program control by the LEI instruction. Each bit 
selects or inhibits the dedicated feature associated with 
each bit of the EN register (EN3-EN0O). 
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e@ With EN1 set, the CPU interrupt is enabled. 
e With EN2 set, the L drivers are enabled to output the 
data in Q to the L I/O ports. Resetting EN2 disables the 
L drivers, setting the L port as high impedance inputs. 
e ENS, in conjunction with ENO, affects the SO and the 
SK outputs (see table 1). 
— When ENS = 0, SO outputs ENO and SK outputs 
the clock anded with the content of the SKL latch, 
— when ENs = 1, SOis the output of the serial shifter, 
while SK outputs the clock (if SKL = 1) or the ENO 
bit (if SKL = 0). 
Even when SO is disabled (as SIO output), data goes 
on shifting through SIO and can be exchanged with A 
via an XAS. 


TABLE 1. ENABLE REGISTER MODES - BITS ENO AND EN3 








18k 
1 


L=1,SK=C 
If SKL = 0, SK = 0 
1 
1 0 Serial out! If SKL = 1, SK = Clock 
If SKL = 0, SK = ENO 
1 1 Serial out 
INTERRUPT SOURCES 


There are 3 possible interrupt sources (see Figure 4). 

e Counter overflow or external interrupt (INT pin). 
External interrupt is triggered on the falling edge of a 
zero pulse. The zero pulse must be at least 2 instruction 
cycles wide on the external pin IN1 (or internal counter 
overflow). 

e 2 peripheral interrupt sources (see peripheral des- 
Cription). 






Each interrupt source has its own enable bit (EN1 for the 
CPU interrupt, ENA and ENB for the peripheral interrupts) 
and. its own flag (F1 for the CPU interrupt, FA and FB for 
the peripheral interrupts, see Figure 15). An interrupt is 
enabled when its associated enable bit is set. Its 
associated flag is set when the interrupt is requested 
(for example, timer overflow for the CPU interrupt). 


Note that the FA, FB, ENA, ENB bits, but also the F1 bit 
are implemented in the peripheral registers. 


T counter 


overflow 
CPU interrupt 


external 
LL interrupt 






EN1 


peripheral interrupt A 
ENA 


peripheral interrupt B 
ENB 


FIGURE 2: INTERRUPT BLOCK DIAGRAM 


interrupt 
request 
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sa acm AS SS Ne 


The following features are associated with interrupt pro- 
cedure and protocol and must be considered by the pro- 
grammer when utilizing interrupts. 

e The interrupt, once acknowledged as explained below, 

pushes the next sequential program counter address 
(PC + 1) onto the stack: 
PC + 1—~ SA > SB > SC. Any previous contents of 
SC is lost. The program counter is set to hex address 
OFF (the last word of page 3) and all incoming inter- 
rupts are disabled without clearing the enable bits. 


e An interrupt will be acknowledged only after the 
following conditions: 

— An interrupt request has been generated. 

— The associated enable bit is set. 

— Acurrently executing instruction has been complet- 
ed. 

— All successive transfer of control instructions and 
successive LBIs have been completed (e.g., if the 
main program is executing a JP instruction which 
transfers program control to another JP instruction, 
the interrupt will not be acknowledged until the 
second JP instruction has been executed). 


e@ Upon acknowledgement of an interrupt, bit Br3 of the 
B register is saved (and later restored upon « popping » 
off the stack by a RET instruction), then Br is cleared, 
allowing the user to begin his interrupt subroutine in the 
RAM space addressing. 


e@ Upon acknowledgement of an interrupt, the skip logic 
status is saved and later restored upon « popping » off 
the stack. For example, if an interrupt occurs during the 
execution of ASC (Add with Carry, Skip on Carry) in- 
struction which results in carry, the skip logic status is 
saved and program control is transferred to the inter- 
rupt servicing routine at hex address OFF. At the end 
of the interrupt routine, a RET instruction is executed 
to « pop » the stack and return program control to the 
instruction following the original ASC. At this time, the 
skip logic is enabled and skips this instruction because 
of the previous ASC carry. Subroutines should not be 
nested within the interrupt servicing routine since « pop- 
ping » the stack will enable any previously saved main 
program skips, interfering with the orderly execution se- 
quence of the interrupt routine. 


e The first instruction at hex address OFF must be a 
NOP. 


e@ When an interrupt is acknowledged, other interrupt 
sources are internally disabled until the end of the 
interrupt servicing routine. 


RESET 

The RESET pin is configured as a Schmitt trigger input. 
If not used it should be connected to Vcc. Initialization will 
occur whenever a logic « 0 » is applied to the RESET in- 
put for at least three instruction cycles. 
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Upon initialization, the PC register is cleared to 0 (ROM T COUNTER 

address 0) the A, B, C, D, EN, G2-G3, T counter, IL lat- 

ches registers and the peripheral registers CRA, CRB, IMR There are two modes selected by TIN pin. 
are Cleared. The SK output is enabled as a SYNC output, _ TIN = 0: TIME BASE COUNTER 


providing a pulse each instruction cycle time. Data 
Memory (RAM) is not cleared upon initialization. The first 
instruction at address 0 must be a CLRA. RC must be 
greather than 5 times power supply rise time. 


Instruction cycle clock (CKI divided by 10) is divided by 
4 x 256 = 1024 (see figure 6). For example, using a 
1.0 MHz crystal, therefore getting a 10 us instruction 
cycle period, T594104 allows accurate timings bet- 
ween 10 ys* (1 count) and 10.24 ms (1024 counts). 
Longer timings can be achieved with software control 
(count of multiple overflows). 


— TIN = 1: EXTERNAL EVENT COUNTER 
Any pulse lasting more than 2 instructions cycle on 
IN2 will increment the T counter (on falling edge). 






A ‘ 1N4148 VCG 









RESET ts 94104 






GND 





<r-UvvcCwn UmMsorv 


FIGURE 3: POWER-UP CLEAR CIRCUIT 


IN2 





KI 
OSCILLATOR 






TO SKT 
LATCH 





INSTRUCTION 
CYCLE CLOCK 





(system clock) 


PRE-SCALER 
TIMER A TIMER B 






I TIN (see figure 9) 





FIGURE 4: CLOCK AND CPU COUNTER BLOCK DIAGRAM 
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OSCILLATOR 


CKI is configured as a TTL compatible external clock 
input (equivalent to option 3.2 for a TS94100). Instruc- 
tion cycle time is the external frequency divided by 10. 
(equivalent to option 4.1 for a TS94100). 


DEXT 








WATCHDOG 


Watchdog mode is selected with WAD input 


WAD = 0 NO WATCHDOG 
WAD = 1 D3 IS THE WATCHDOG INPUT 


RESET 
(active high) 


watchdog J no watchdog 


TS94120/TS94144 


| OPTION (WAD pin) 


FIGURE 5: D3 AS WATCHDOG INPUT 


Inthe watchdog mode, a « 1 » on pin D3 activates the in- 
ternal reset (see Figure 5). The user needs only to con- 
nect a pull-up resistor and a capacitor on D3, and insert 
a watchdog loop in his program. This software loop will 
periodically outputs a « 0 » on D3 when the program is nor- 
mally executed. When the microcontroller is trapped in 


THOMSON SEMICONDUCTEURS 


1-144 


another loop, the watchdog loop is not any more efficient 
and Ceyt is charged up to Vcc, thus triggering the chip 
reset. 

Open-drain option is selected on D3. The RextT x CExT 
time constant on D3 is related to the period of the soft- 
ware watchdog loop. DExT speeds up the CexyT dis- 
charge time during power off. 


WAD 
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EXTERNAL MEMORY INTERFACE 


The TS94104 is designed to be running with an external 
program memory. This memory requires the following 
characteristics: 


— random addressing, 

— TTL compatible 3-STATE OUTPUTS, 

— TTL compatible inputs 

— access time (from CS to output): 800 ns max. 


These requirements are typically met with most 
EPROMS. 
During operation, the address of the next instruction is 











Input set up delay 
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sent out on A8, A9 and A10 and IPO-IP7 while AD/DATA 
is high (logic ‘1° = address mode). 

Address data on the IP lines is stored into an external 
latch on the high to low transition of the AD/DATA line. 
When AD/DATA is low (logic O” = data mode) the 
output of the memory is sent on the IPO-IP7 bus, and is 
latched inside the microcontroller on the rising edge of 
AD/DATA. Note that AD/DATA output has a period of 
one instruction time, and specifies whether the IP bus is 
outputing addresses or inputing data. A simplified block 
diagram of the externa! memory interface is shown on 
Figure 6. 





US 





pment a LS 
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| $1 | $2 | $3 | 94 I $5 | 
| 


ES i A, Le 
SK 
INPUTS : @) ——+ Bi | 


IN1, IN2, IN3 f 
LO-L7, CKO, St 


OUTPUTS : a 
D0-D3 | 
LO-L7 


62, 63, SK | | 


SK, SO(*) | 6) | 


so 
RS SIO OUTPUT 


DBUG (AD/DATA) 


IP : 
y 


A8, AY, A10 x 


(*) SO AS AN OUTPUT WHEN (ENO, EN3) = (0,0) OR (1,0) OR (1,1) 


— SK has 50% duty cycle when used as a clock. Note: 

— Consider we are executing an instruction (from /1 to 
/5). The address sampled on /5 on the address bus is 
the address of next instruction, but the SKIP status 


— Outputs are sampled (by MCU) on the rising edge of 
SK (except IPO-IP7, A8-A10). 


— Inputs are sampled on the SK falling edge. sampled on the SKIP output is the status of the 
— The external address bus (IPO-IP7, A8-A10) is instruction currently under execution. 
sampled on the falling edge of AD/DATA. — The SKIP output = 1 when the current instruction is 
— The IPO-IP7 inputs have to be referenced to the rising skipped, except for CBI's skippedatter an Bl. 
edge of AD/DATA. 
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LULL 


SUNALINGNODINAS NOSWOHL 


EL/6 


PINS 9, 12, 20, 23, 24, 25, 26, 36, 53, 54 NOT CONNECTED 
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DUAL TIMER ELECTRICAL CHARACTERISTICS 
Dual Timer is identical to TS94100 family. Please refer TS94104 electrical characteristics are identical to the 
to the TS94100 specification. TS94100. Please refer to the TS94100 specifications. 
MODE SELECTION 
INSTRUCTION SET 

TS94104 can emulate the whole TS94100 family (i.e. 
TS94104 instruction set is identical to the TS94100 1K and 2K ROM) by simply connecting SEL10 andSEL20 
instruction set. Please refer to the TS94100 specifica- pins to Vcc or GND. In addition, most TS94100 family 
tion. mask options can be choosen by setting extra pins:to Vcc 


or GND as shown on figure 7, figure 8. 


TS94144 TS94120 
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FIGURE 7 
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TIMER B: PERIOD/DUTY CYCLE (MRBO = 0) 
TIMER A PRESCALER (MRB1 = 0) 







High to low 
transition on INO 


Every transition 
of INO 








TIMER B PRESCALER INO TRANSITION 


FIGURE 8 


PIN NAME 


iPO-IP7 1/O for ROM address and data 
A8-A9-A10 Address Most Significant Bits 

SKIP SKIP status output 

AD/DATA Address out/data in (demux special) 


INT Select pin for external interrupt or timer overflow 
(CPU) 


TIN Select pin for prescaler or event counter (CPU) 


SEL10-SEL20 Select pin for the RAM size (TS94210 or 
TS$94144) 


Output enable signal for external EPROM, and select 
pin for debug modes (not to be used by the customer) 


Emulation pin: internal timer and peripheral halt, 
interrupts masking 


Select pin for watchdog option 


MODE Select pin for period measurement or duty cycle 
measurement 


PERINT Select pin for high to low or every transition of INO 
(dual timer) 


PRSAO 
PRSA1 


PRSBO 
PRSB1 


Select pin for prescaler division of TIMER A 


Select pin for prescaler division of TIMER B 





ROMLESS EXTRA PINS - FUNCTIONAL DESCRIPTION 
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CKO PIN CONFIGURATION 

CKO INPUT LEVEL 

CKI INPUT CONFIGURATION 

CK! DIVIDER 

RESET PIN CONFIGURATION 
IN1-IN3 INPUT CONFIGURATION 
IN1-IN3 INPUT LEVELS 

S1 INPUT LEVELS 

SO OUTPUT CONFIGURATION 


TS94104 


STANDARD TTL INPUT LEVELS 
EXTERNAL CLOCK 
CK! FREQUENCY DIVIDED BY 10 
LOAD DEVICE TO Vcc 
LOAD DEVICE TO Vcc 
STANDARD TTL INPUT LEVELS 
STANDARD TTL INPUT LEVELS 
GENERAL PURPOSE TTL OUTPUT 


GENERAL PURPOSE INPUT, LOAD DEVICE TO Vcc 


1-1 
2-0 
3-2 
4-1 
5-0 
6-0 
7-0 
8-0 
9-0 


SK OUTPUT CONFIGURATION 
LO, L1, L2 OUTPUT DRIVER 

L3 OUTPUT CONFIGURATION 
L4 OUTPUT CONFIGURATION 


GENERAL PURPOSE HIGH CURRENT OUTPUT 10-1 
3 STATE PUSH-PULL OUTPUT , 12-5, 
3 STATE GENERAL PURPOSE TTL OUTPUT 14-0 
3 STATE GENERAL PURPOSE VERY HIGH 
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L5 OUTPUT CONFIGURATION 

L6 OUTPUT CONFIGURATION 

L7 OUTPUT CONFIGURATION 

L INPUT LEVEL 

G2-G3 OUTPUT CONFIGURATION 
G INPUT LEVEL 

DO-D3 OUTPUT CONFIGURATION 
GO OUTPUT LEVEL FOR STA=0 
G1 OUTPUT LEVEL FOR STB=0 





CURRENT OUTPUT 
OPEN DRAIN TTL OUTPUT 


OPEN DRAIN VERY HIGH CURRENT OUTPUT 


3 STATE PUSH-PULL TTL OUTPUT 
HIGHER VOLTAGE INPUT LEVEL 
GENERAL PURPOSE OUTPUT 
STANDARD TTL INPUT LEVELS 
OPEN-DRAIN OUTPUT 
LOGICAL 1 
LOGICAL 1 
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15-1 
16-2 
17-3 
18-4 
19-1 
20-0, 21-0 
22-0 
23-1, 24-1, 25-1, 26-1 
34-1 
35-1 
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PHYSICAL DIMENSIONS 


CB-506 





PLASTIC PACKAGE 










B4 Sores” 


CB- 506 
cet DATA. JEDEC SITELESC 





These specifications are subject to change without notice. 


Please inquire with our sales offices about the availability of the different products. 
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COMPONENTS TS94120 e [S94144 
_f = | | SINGLE CHIP MICROCONTROLLERS 


@ 











ADVANCE INFORMATION 


The TS94120/144 single chip NMOS microcontrollers are members of the 
TS94000 family, fabricated using N-channel silicon gate XMOS techno- 
logy. The TS94120/144 contain the internal logic of the microcontrollers 
ET9410/20/44 (system timing, internal logic, ROM, RAM and I/O neces- 
sary to implement dedicated control functions). Features include single 
supply operation, a variety of output configuration options, with an instruc- 
tion set, internal architecture, and |/O scheme designed to facilitate key- 
board input, display output, BCD data manipulation and triac drive. They 
are an appropriate choice for use in numerous human interface control 
environments. Standard test procedures and reliable high-density fabrica- 
tion techniques provide the medium to large volume customers with a 
customized low cost controller. TS94100 family offers a dual 16-bit timer 
perfectly suited for universal motor speed control (phase control), accurate 
time measurements and waveform generation. 


e Low cost 

e 23 I/O lines 

-@ Single supply operation (4.5 V to 5.5 V) 

e@ Low-current drain (13 mA max) 

e General purpose and 3-state outputs 

e TTL compatible inputs 

e TTL compatible outputs 

e@ Temperature range (0° to + 70°C) 

e Extended temperature range (— 40°C to + 85°C) available. 


CPU 

e Powerful instruction set (52 instructions) Siete ChERAGe 

@ ROM: 2K x 8 (TS94144), 1K x 8 (TS94120) 

@ RAM: 128 x 4 (TS94144), 64 x 4 (TS94120) 

e 2 interrupt sources: external pin or internal timer overflow 

e 3-level subroutine stack PIN ASSIGNMENT 

e 4 us instruction cycle time 

e Programmable read/write 8-bit internal timer/event counter 

e Internal shift register with serial I/O 

e Watchdog feature 

e Direct drive of LED digit and segment line 

e Software compatible with the other members of ET9400, ETL9400 and 
ETC9400 families. 


DUAL TIMER PERIPHERAL 

e Two 8-bit and one 16-bit independent timers/counters 

@ 2 independent programmable prescalers TS$94120 

e Maximum working frequency: 1.25 MHz 8 1894144 

e 16 software programmable working modes including delayed and 
calibrated pulse triggering, complex waveform generation, period and 
duty-cycle measurements 

e 3 interrupt sources 

e Zero-crossing detector 

e Direct drive of triac 
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CPU FUNCTIONAL DESCRIPTION 


The internal architecture is shown in Figure 1. Data paths 
are illustrated in simplified form to depict how the various 
logic elements communicate with each other in implement- 
ing the instruction set of the device: Positive logic is us- 
ed. A bit set is a logic « 1 », when a bit reset is a logic « 0 ». 


PROGRAM MEMORY 

Program memory consists of ROM: 
e@ 1024 bytes for the TS94120 

e@ 2048 bytes for the TS94144 


These bytes of ROM can be either program instructions, 
constants or ROM addressing data. 


ROM addressing is accomplished by a 11-bit PC register 
which selects one of the 8-bit words contained in ROM. 
A new address is loaded into the PC register during each 
instruction cycle. Unless the instruction is a transfer of con- 
trol instruction, the PC register is loaded with the next se- 
quential 11-bit binary count value. 


e For TS94120 the 10 lower bits of PC are used to ad- 
dress the internal ROM 


Three levels of subroutine nesting are implemented by a 
three level deep stack. Each subroutine call (or interrupt) 
pushes the next PC address onto the stack. Each return 
(RET) pops off the stack back into the PC register. 


.DATA MEMORY 
Data memory consists of a 512-bit RAM for the TS94144 
organized as 8 data registers of 16 x 4-bit digits. RAM ad- 
dressing is implemented by a 8-bit B register whose up- 
per 3 bits BrO, Br1, Br2 select 1 of 8 data registers and 
lower 4 bits (Bd) select 1 of 16 4-bit digits in the selected 
data register. 


Data memory consists of a 256-bit RAM for the TS94120 
organized as 4 data registers of 16 x 4 bits digits. The B 
register is 8 bits long. Upper 2 bits BrO, Br1 select 1 of 
4 data registers and lower 4 bits (Bd) select 1 of 16 x 4-bit 
digits in the selected data register. Br2 is not used to ad- 
dress the RAM and so 2 addresses with a different value 
of Br2 will access the same word in the RAM. 


For T$94120/144, the uppermost bit Br3 of B register is 
only used to select either the peripheral or RAM. 


While the 4-bit contents of the selected RAM digit (M) are 
usually loaded into or from, or exchanged with the A 
register (accumulator), they may also be loaded into the 
Q latches or loaded from the L ports. RAM addressing may 
also be performed directly by the LDD and XAD instruc- 
tions based upon the immediate operand field of these 
instructions. 


The Bd register also serves as a source register for 4-bit 
data sent directly to the D outputs. 
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INTERNAL LOGIC 

A 4-bit A register (accumulator) is the Source and destina- 
tion register for most I/O, arithmetic, logic and data 
memory access operations. It can also be used to load 
the Br and Bd field of the B register, to load and input 4 
bits out of the 8-bits Q latch, to input 4 bits out of a ROM 
word, to input G or IN ports, and to perform data ex- 
changes with the SIO register. 


A 4-bit adder performs the arithmetic and logic functions, 
storing the results in A with eventually a carry bit in the 
1-bit C register. The C register in conjunction with the XAS 
instruction and the EN register is also related to the SK 
output control. 


The 8-bit T counter is a binary up counter which can be 
loaded to and from M and A using CAMT and CTMA in- 
structions. This counter may be running in two modes 
depending on a mask-programmable option: as a timer. 
or as an external event counter. When the T counter 
overflows, an overflow flag will be set (see SKT instruc- 
tion below). Note that T counter is cleared on reset. A func- 
tional block diagram of the timer/counter is illustrated in 
Figure 4. 


3 general-purpose inputs, IN3-IN1, are provided. Note that. 
IN3 can be considered as a dual-timer input. 


INO is an analog input connected to an_ internal 
comparator. 


“The D register provides, 4 general-purpose outputs and 


is used as the destination register for the 4-bit contents 
of Bd. D3 is also used as the watchdog input when the 
watchdog option is selected. 


The G register is a 2-bit general-purpose bidirectional I/O 
port (G3-G2). GO-G1 are the outputs of the peripheral and 
can also be used as general-purpose inputs. 


The Q register is an internal, latched, 8-bit register, used 
to hold data loaded to or from M and A, as well as 8-bit 
data from ROM. Q register contents are transferred to the 
L I/O ports when the L drivers are enabled under program 
control (see LEI instruction). 


L driver, when enabled, outputs the content of latched Q 
data to the L I/O ports. Contents of L may be read directly 
into A and M. 


The SIO register is a 4-bit serial-in/serial-out shift register 
for the serial out. SIO content can be exchanged with A. 


The XAS instruction copies C into the SKL Latch. 
When SKL = 1, SK is.a clock output 


When SKL = 0, SK outputs a value depending upon the 
contents of ENO and EN3. . 


3/31 
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Cc 
0 
; Serial out! If SKL = = Clock 
lf SKL = 0, SK = ENO 
Serial out + 
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THE «EN register » is an internal 4-bit register loaded 
under program control by the LEI instruction. Each bit 
selects or inhibits the dedicated feature associated with 
each bit of the EN register (EN3-ENO). 


e With EN1 set, the CPU interrupt is enabled. 
e With EN2 set, the L drivers are enabled to output the 
data in Q to the L I/O ports. Resetting EN2 disables the 
L drivers, setting the L port as high impedance inputs. 
e ENS, in conjunction with ENO, affects the SO and the 
SK outputs (see table 1). 
— When ENS = 0, SO outputs ENO and SK outputs 
the clock anded with the content of the SKL latch, 
— when EN3 = 1, SOis the output of the serial shifter, 
while SK outputs the clock (if SKL = 1) or the ENO 
bit (if SKL = 0)., 
Even when SO is disabled (as SIO output), data goes 
on shifting through SIO and can be exchanged with A 
via an XAS. | 


TABLE 1. ENABLE REGISTER MODES - BITS ENO AND EN3 


Ns__eo_{_80_{skcater as, 


, SK 
, SK 
, SK 

K 





o- 





INTERRUPT SOURCES 

There are 3 possible interrupt sources (see Figure 2). 

e Counter overflow or external interrupt (mask option). 
External interrupt is triggered on the falling edge of a 
zero pulse. The zero pulse must be at least 2 instruction 
cycles wide on the external pin IN1 (or internal counter 
overflow). 

e 2 peripheral interrupt sources (see. peripheral des- 
Cription). 


Each interrupt source has its own enable bit (EN1 for the 
CPU interrupt, ENA and ENB for the peripheral interrupts) 
and its own flag (F1 for the CPU interrupt, FA and FB for 
the peripheral interrupts, see Figure 13). An interrupt is 
enabled when its associated enable bit is set. Its associa- 
ted flag is set when the interruptis requested (for example, 
timer overflow for the CPU interrupt). 


Note that the FA, FB, ENA, ENB bits, but also the F1 bit 
are implemented in the peripheral registers. 





T counter 
overflow 
CPU interrupt 
a external 
IN 1 Pee pps TB EN1 interrupt 
request 





peripheral interrupt A 
ENA 


peripheral interrupt B 
ENB 


FIGURE 2: INTERRUPT BLOCK DIAGRAM 
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The following features are associated with interrupt pro- 
cedure and protocol and must be considered by the pro- 
grammer when utilizing interrupts. 


e The interrupt, once acknowledged as explained below, 

pushes the next sequential program counter address 
(PC + 1) onto the stack: 
PC + 1 SA > SB > SC. Any previous contents of 
SC is lost. The program counter is set to hex address 
OFF (the last word of page 3) and all incoming inter- 
rupts are disabled without clearing the enable bits. 


e An interrupt will be acknowledged only after the 
following conditions: 
— An interrupt request has been generated. 
— The associated enable bit is set. 
— Acurrently executing instruction has been complet- 
ed. 
— All successive transfer of control instructions and 
_ successive LBis have been completed (e.g., if the 
main program is executing a JP instruction which 
transfers program control to another JP, instruction, 
the interrupt will not be acknowledged until the 
second JP instruction has been executed). 


e Upon acknowledgement of an nterupe bit Br3 of the 
B register is saved (and later restored upon « popping » 
off the stack by a RET instruction), then Br3 is cleared, 
allowing the user to begir his interrupt subroutine in the 
RAM space addressing. 


e Upon acknowledgement of an interrupt, the skip logic 
status is saved and later restored upon « popping » off 
the stack. For example, if an interrupt occurs during the 
execution of ASC (Add with Carry, Skip on Carry) in- 
struction which results in carry, the skip logic status is 
saved and program control is transferred to the inter- 
rupt servicing routine ati hex address OFF. At the end 
of the interrupt routine, a RET instruction is executed 
to « pop » the stack and return program control to the 
instruction following the original ASC. At this time, the 
skip logic is enabled and skips this instruction because 
of the previous ASC carry. Subroutines should not be 
nested within the interrupt servicing routine since « pop- 
ping » the stack will enable any previously saved main 
program skips, interfering with the orderly execution se- 
quence: of the interrupt routine. 


e The first instruction at hex address OFF must be a 
NOP. 


e When an interrupt is acknowledged, other interrupt 
sources are internally disabled until the end of interrupt 
servicing subroutine. 


RESET . 

Thg¢-RESET pin is configured as a Schmitt trigger input. 
If not used it should be connected to Vcc. Initialization will 
occur whenever a logic « 0 » is applied to the RESET in- 
put for at least three instruction cycles. 


Upon initialization, the PC register is cleared to 0 (ROM 
address 0) the A, B, C, D, EN, G2-G3, T counter, IL lat- 
ches registers and the peripheral registers CRA, CRB, IMR 
are cleared. The SK output is enabled as a SYNC output, 
providing a pulse each instruction cycle time. Data 
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Memory (RAM) is not cleared upon initialization. The first 
instruction at address 0 must be a CLRA. RC must be 
greather than 5 times power supply rise time. 


+ 






R i 1N4148 


<rvuvuCcCH DWmMsov 


FIGURE 3: POWER-UP CLEAR CIRCUIT 


Ckl 
oso {ATOR 


1: + 5 (option 4.0) 
2: + 10 (option 4.1) 
3: + 20 (option 4.2) CLK 


(system clock) 


PRE-SCALER 


»  TIMERA TIMER B 





T COUNTER ~ 


There are two modes selected by mask option: 
@ Time-base counter. In this mode, the instruction cycle 


frequency generated from CKI passes through a 2-bit 
(divide-by-4) prescaler. The output of this prescaler in- 
crements the 8-bit counter thus providing a 10-bit timer. 
T counter prescaler is cleared by a CAMT instruc- 
tion or on reset. 


For example, using a 1.25 MHz crystal with a divide- 
by-5 option, the instruction cycle frequency of 250 KHz 
increments the 10-bit timer every 4 ys. By presetting the 
counter and detecting overflow, accurate timeouts bet- 
ween 16 us (4 counts) and 4.096 ms (1024 counts) are 
possible. Longer timeouts can be achieved by ac- 
cumulating, under software control, multiple overflows. 


e External event counter. With this option, a low-going 
pulse (« 1 » to « 0 ») lasting more than 2 instruction cycles 
on the IN2 input will increment the 8-bit T counter. 


IN2 





INSTRUCTION 
CYCLE CLOCK 


! MASK OPTION 


FIGURE 4: CLOCK AND CPU COUNTER BLOCK DIAGRAM 


OSCILLATOR ; 
There are three basic clock oscillator configurations avai- 
lable as shown in Figures 5 and 6. 


e Crystal Controller Oscillator. CKI and CKO are con- 
nected to an external crystal. The instruction cycle time 
equals the crystal frequency divided by 20 (optional by 
10 or 5). 


e External Oscillator. CKI is an external clock input 


signal. The external frequency is divided by 10 to give 
the instruction cycle time. CKO is available to be used 
as a general purpose input. 


e RC Controlled Oscillator. CK! is configured as a single 


pin RC controlled Schmitt trigger oscillator. The instruc- 
tion cycle equals the oscillation frequency. divided by 
10 to give the instruction cycle time. CKO is in this case 
available to be used as a general purpose input (see 


INIL instruction). 





CKI CKO 
general 
Sstainal purpose input 


clock 





general 


‘wee 
; purpose input 
N 


FIGURE 5: OSCILLATOR EXTERNAL CONFIGURATION 
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XTAL 


RC or XTAL 








! MASK OPTION 


FIGURE 6: OSCILLATOR MASK OPTIONS 


WATCHDOG (Figure 7) | 
This mode may be chosen by mask option. In this case, 
D3 becomes the watchdog input. This mode is a basic 





need for microcontrollers working in a noisy environment, 
where parasitics may crash the program. 


RESET 
(active high) 


watchdog | no watchdog 
X 


TS94120/TS94144 


| MASK OPTION 


FIGURE 7: D3 AS WATCHDOG INPUT 


Injthe!watchdog|mode ja « 1 » on pin D3 activates the in- 
ternal reset (see Figure 7).| The user needs only to con- 
nect a pull-up resistor and a capacitor on D3, and insert 
a watchdog loop in his| program. This software loop will 
periodically outputs a « 0 » on D3 when the program is nor- 
mally executed. When the microcontroller is trapped in 
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another loop, the watchdog loop is not any more efficient 
and Cet is charged up to Vcc, thus triggering the chip 
reset. 

Open-drain option has to be selected on D3 when the wat- 
chdog mode is chosen. The RexT x CexT time constant 
on D3 is related to the period of the software watchdog 
loop. DExT speeds up the|CexT discharge time during 
power off. : 
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DUAL TIMER 


FUNCTIONAL OVERVIEW 

A block diagram of the peripheral is given in Figure 8. 
It consists of two truly independent blocks. Block A con- 
sists of two 8-bit registers (RWO-RW1, RDO-RD1) and two 
8 bit binary down-counters (CW0-CW1, CD0-CD1) organiz- 
ed as two register-counter pairs. The block B consists of 
a sixteen bit register (RBO-RB3) and a 16-bit binary down 
counter (CB0O-CB3). The operating modes are software 
programmable through CRA and CRB control registers. 
Most of the modes are driven by block A and B clocks 
(CLKA, CLKB) which are respectively generated by the 
Aor B prescalers. These prescalers are mask-option pro- 
grammable. The following options are available: the 
system clock (CLK) may be divided by 1, 5, 20, 40. 


Block A is a complex waveform generator. In most of the 
modes, each 8 bit pair is running alternatively, using the 
autoreload procedure. The CD counter starts to run. It 
counts down to zero, at which time the output flip-flop of 
block A is toggled. The data in the RD register is then 
reloaded automatically into the CD counter, which stays 
idle. In the same time, the RW/CW 8 bit pair starts runn- 
ing. When CW counts down to zero, the output flip-flop 
is toggled again, CW is reloaded with RW contents and 
stays idle. The RD/CD pair can start running again and 
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so on. in the pulse burst generation mode, the CD/RD pair 
is running alone: the output flip-flop is toggled each time 
the CD counter counts down to zero. The CW/RW pair 
does not drive the output flip-flop, but counts the pulses 
generated by the CD/RD pair. Block A output is GO, input 
is INO. 


Block B performs measurement and generation functions. 
In the frequency generation and frequency divider mode, 
the 16-bit pair is running, using the autoreload procedure. 
In the measurement mode, while the counter is running, 
an automatic transfer to the register is performed each 
time a measure is ended. This is determined by a mask- 
option: if the period measurement mode is selected, a 
measure is ended each time a high to low transition oc- 
curs on the IN@ pin. If the duty-cycle measurement mode 
is selected, a measure is ended each time a high to low 
or low to high transition occurs on the IN3 pin. In the ex- 
ternal event counter mode, the counter counts down the 
external pulses, register RB latching up counter CB state 
every instruction cycle tc. Block B output is G1, input is 
INS. 


In all modes of blocks A and B, there is no initial 
autoreload, and the counters start, regardless of their 
content. 


7/31 
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PERIPHERAL REGISTERS e two 4-bit control registers (1 per block) CRA and CRB 

The Dual-Timer contains several registers that interface managing the selection mode, the output on the pins 

with the CPU : GO and Gi and start-up for both blocks. 

@ two 8-bit data registers (RDO-RD1) and (RWO-RW1) for e One 4bit interrupt management register (IMR). This 
block A, and one-16 bit data register (RBO-RB1-RB2- register contains the enable bits and the interrupt flags. 


RB3) for block B. 


CRA: Control Register CRB: Control Register IMR: Interrupt Management Register 
F1 | STA |MRA1|}MRAO CSB | STB |MRB1;MRBO ENA| FB | FA 
3 2 1 0 3 2 1 0 2 1 0 
STA: Start/Stop bit STB: Start/Stop bit FA, FB: Interrupt flag of blocks A and B 
and output enable ENA, ENB: Interrupt enable bits of blocks A and B 
on pin GO CSB: Output enable 
MRA1-MRAQO: Block A on pin G1 
mode selection MRB1-MRBO: Block B 
F1: CPU interrupt flag ~ mode selection 


FIGURE 9: CONTROL REGISTERS (CRA AND CRB) AND 
INTERRUPT MANAGEMENT REGISTER (I/MR) 


All these registers are memory mapped as 4-bit memory _ lower bit BrO of Br (See Figure 11). _ 
words (See Figure 10) and are addressed by Bd and the 





FIGURE 10: REGISTERS MEMORY MAPPING 
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All the instructions referenced to the RAM may be used 
for the peripheral, including bit manipulation instructions. 
Br3, the uppermost bit of Br controls the switching bet- 
ween the RAM and the peripheral when using memory 
reference instructions. 





Two instructions are able to alter the content of Br3: 


— XABr, that exchanges A with Br, and in particular A3 
with Br3, 
— TMB, that complements Br3. 


When Br3 = 0, RAM is accessed 
When Br3 = 1, peripheral registers are accessed 





DATA BUS 4 


9 


PERIPHERAL 


S 














“Depending on CPU size 


FIGURE 11: PERIPHERAL AND RAM ADDRESSING BLOCK DIAGRAM 


Note that, as Bri and Br2 are not used to address the 
registers, there is redundancy in the addressing: that is, 
2 addresses where only Br1 (or Br2) is different will ac- 
cess the same register. 


e Each peripheral memory word may be read at any 
time, even during reloading: the value read is always 
valid. 


e On the other hand, the user cannot write in a periphe- 
ral memory word while the peripheral internal logic is 
trying to reload it. 


To ensure a good start of the timer, the Start/Stop bit (STA, 
STB) should not be set while setting a new mode 
(MRA0-MRA1, MRBO-MRB1): one instruction cycle is re- 
quired, for stabilization. 


Counters access: 
Data transfer between counters and registers (RD ~ CD, 
RW + CW, RB ~ CB) exchanges words of 16 bits (or 8 
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bits). This transfer is done with a single instruction (2 bytes 
opcode) as shown on table 2. 


OPCODE DATA FLOW 


8A RW — CW 








TRCA 
8B CW > RW 





TABLE 2: 16-BIT TRANSFER INSTRUCTIONS 


Opcodes of these 16 bits transfer instructions are XAD op- 
codes addressing unused peripheral addresses, and are 
valid only when Br3 = 1. TRCA, TCRA, TRCB and 
TCRB instructions load accumulator A with F (Rex). 
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Important remark 
Note that transfer is equivalent to: 





XAD OA for transfer (RW, RD) towards (CW, CD) 


XAD 0B for transfer (CW, CD) towards (RW, RD) 
towards CB 
towards RB 


XAD 1A for transfer RB 
XAD 1B for transfer CB 


when B;3 = 1 


These four transfer instructions are therefore compatible 
with the ET9400 set of instructions. XAD instruction hasa 


different meaning when Br3 = 1. 


CONTROL REGISTERS CRA AND CRB 
— The MRAO-MRA1 and MRBO-MRB1 bits select the 
operating mode of block A and block B. The mode selected 


Biock A 


MRAO OPERATING MODE 


Triggered pulse generation 
Pulse burst generation 
Duty cycle generation 
Analog period counter 









0 
1 
0 
1 





Block B 


by MRBO = MRB1 = 0 is mask option programmable: 
period measurement, or duty-cycle measurement. 


OPERATING MODE 


Period measurement 
Duty-cycle measurement 


External event counter 
Frequency generation 


mask 
programmable option 





Frequency divider 


TABLE 3: OPERATING MODE CODING THROUGH MRAO- MRA1 AND MRBO-MRB1 BITS 
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— Setting STA and STB to zero stops the counters which 
Stays idle. At the same time, the A and B flip flop outputs 
are forced to predefined values (« 0 » or « 1 » selectable 


by mask option). 


STA 


BLOCK A 


CLOCK COUNTERS 
MULTIPLEXER 







STB ose 


BLOCK B 
CLOCK 
MULTIPLEXER 


COUNTERS 

















} MASK OPTION 


— Setting STA and STB to 1, makes the respective 
counters run in the selected mode. In the pulse burst 
mode, STA is automatically reset when the burst is 
generated. 

















Voc 
A 
RESET Bs 
Q 
FLIP-FLOP 
Qa 
IV. OPTION 
N 
VG 
He 
RESET a 













FLIP-FLOP 
Q 





I.V. OPTION 


IV : Initial value 


FIGURE 12: OUTPUT CONTROL 


Setting the CSB bit to zero disconnects the pin G1 from 
the CB counter : counter is running and G1 is forced to 
1 or 0 (depending on mask option) 


GO (and G1) pins can be used as a general purpose CPU 
input, as long as it has been previously set to output a 1. 
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If proper start is required, the counters should be initializ- 
ed before the start up. In other words, the first GO (or G1) 
transition (counter underflow) occurs at a defined time after 
start up only if the counter C was previously loaded (see 
nota-1). 
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SYSTEM RESET 


Upon reset CRA, CRB and IMR peripheral registers are 


cleared. CD/RD, CW/RW and CB/RB are unchanged. 


EN1 
IN1 PIN 


HIGH TO LOW 
TRANSITION 
OR T COUNTER OVER FLOW 


STB 
OUT B 


ZCA* TRANSITION 


ett 





DUAL TIMER INTERRUPT MANAGEMENT 
The Dual Timer interrupts are controlled by the IMR 
register. 


INTERRUPT 
REQUEST 


INTERRUPT MANAGEMENT REGISTER 


* : ZCAis the Zero crossing detéctor output (see Option 32) 


CRA REGISTER 


FIGURE 13: INTERRUPT MANAGEMENT 


The Dual Timer interrupt sources, one for each block, are 
software selectable through the enable bits ENA and ENB 
(IMR register). Each interrupt in turn sets the FA or FB 
flag in the IMR register when activated. F1 (bit 3 of CRA 
register) is set when a CPU interrupt is generated. These 
flags will be used in the interrupt subroutine to locate the 
interrupt source. These flags will have to be reset by the 
user interrupt subroutine. It should be noted that Timer B 
interrupt is disabled through the start bit STB, when 


. this block is not running. The peripheral interrupt re- 
quests are enabled by the ENA bit, or by the ENB and STB 
bits. The block A interrupt source is mask option pro- 
grammable: an interrupt request is generated either on 
each transition of the zero crossing detector output or on 
high to low transition of the zero crossing detector output. 
Block B interrupt requests are generated on each pulse 
on OUTB. 


BLOCK A MODE DESCRIPTION 


Remark: all the following timings are drawn in the case 
where 1.V. (Initial value) of GO is 0. 


Triggered pulse generation 

This mode outputs a pulse triggered by the zero-crossing 
of a signal at INO. The delay from the zero-crossing is 
specified by the content of RD. The pulse width is specified 
by the content of RW. 


tp = D. tcLKA + 2.5 tcLK 

tw = (W + 1). tCLKA 

Where tcLK = System clock period ; 
tCLKA =. Block A clock period 

D = Content of register RD. 


W = Content of register RW 
1<D<¢ 255 , 
0<W < 255 
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INO 


jsee fig. 15 
ZCA 


! | 
I 
I 
GO Ib TO TW see nota 2 


Nota 2: initial value of GO can either be 1 or 0 (depending 
on mask option 3.4). 
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Pulse burst generation 

This mode outputs on GO a specified number of pulses 
of a specified width. The number of pulses is specified 
by the contents of register RW, while the pulse width is 
specified by the contents of register RD. The pulse burst 
is generated each time STA is set to a «1». CD is 
automatically loaded from register RD, at each transition 
of GO. After the W pulses are transmitted, counter CW is 
automatically loaded from register RW, and STA is reset. 
Setting STA to 1 will repeat the previous sequence. 






see nota 1 
see nota 2 


tp = (D + 1). tCLKA 
tCLKA = Block A clock period 


N = (W + 1) 

D = Content of register RD 
W = Content of register RW 
d: delay (see nota 1) 

0 < DW < 255 


Nota 1: If counter CD is not loaded with a defined value 
before start up, d will be tcLKa < d < 255. tcLKa. Note 
that this undefined value of d is equivalent to an undefin- 
ed delay in outputing the waveform. In order to control this 
delay time d, user should load counter CD (in addition to 
register RD). 


Duty-cycle generation 

This mode generates a rectangular waveform on GO. Pulse 
width is specified by the contents of register RW, inter- 
pulse length is specified by the content of register RD (be 
carefull with I.V: see nota 2) 











see nota 1 
see nota 2 





tp 


tp = (D + 1). tCLKA W = Content of register RW 
tw = (W + 1). tCLKA d: delay (see nota 1) 

D = Content of register RDO < D,Ws 255 

tCLKA = Block A clock period 


Analog period counter 

This mode generates a rectangular waveform on GO. The 
pulse width is specified by the contents of register RW, 
and inter-pulse length is specified by the contents of 
register ‘RD. 


The counter is not controlled by the clock of block A, but 
decrements each INO falling edge. GO transition is syn- 
chronised on SK. Maximum delay between INO = OV and 
GO transition is therefore less than equal to one SK period 
(4.48 < tsk < 10 us). 


INO 





GO « eS see nota 2 
ND = (D + 1) 
NW.= (W + 1) 


Where W = Contents of register RW 
D = Contents of register RD 
0< DW < 255 


_Remark: analog signal frequency should not exceed 1/2%c. 


FINO < 1/2te- 


BLOCK B MODE DESCRIPTION 


Remark: all the following timings are drawn in the case 
where I.V (initial value) fo G1 is 0. 


Measurement mode 

This mode is mask-option programmable: period measure- 
ment mode, or duty-cycle measurement mode. 

Period measurement mode: This mode measures the 
period of an external waveform on INS. . 
On the high to low transition, counter CB is transferred 
to register RB, and then cleared. As the counter is coun- 
ting down from zero, the value read from the register is 
a two’s complement value. The register can be read at 
any time, even when being changed: the data is always 
valid. 


1-166 





THOMSON SEMICONDUCTEURS 


see nota 3 


t = (N + 1) tCLkB 
ere tCLKB = Block B clock period 


Two’s complement value of register RB 
1 


zs 


N < 216.4 
© X tCLK 
tCLK = System clock period 


Wi 
N 
0 
A 


nA i 
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The output G1 toggles each time a counter to register 
transfer is performed. 


Duty-cycle measurement mode: From an external signal 


on IN3, the counter CB starts, counting the pulse width 
high. On the falling edge of IN3, CB is transferred to the 
register RB, and then cleared. Then, counter CB starts 
counting the IN3 inter-pulse length. On rising edge, CB 
is transfered to RB, CB is cleared, and duty cycle measure- 
ment starts again. G1 output toggles each time a counter 
to register transfer is performed. The user has to read the 
register contents before it is changed by the next measure- 
ment. This can be done by an interrupt, or by monitoring 
IN3 or G1. 






see nota 3 


tH = (NH + 1). tCLKB 

tL = (NL + 1). tCLKB 
tCLKB = Block B clock: perdiod 
A= 1  X tCLK 


NL, NH = Two’s complement value of register RB 
contents 
0 < NL, NH < 216.4 


Nota 3: initial value of G1 can either be 1 or 0 (depending 
on mask option 35)' 


External event counter 

In this mode, counter CB is an external events (or pulses) 
counter. There is no automatic clear of the counter: it 
counts down from whatever state it was. Thus, to ease 
the reading of the information, the counter should be 
preloaded. Preloading the counter with all zeroes will give 
the two’s complement of the count, preloading the counter 
with all ones will give the one’s complement of the count. 
The counter decrements on the falling edge of IN3 pin. 
The counter, counts down and eventually rolls over from 
0000 to FFFF (Hex). 


The register RB acts as a « capture-latch », being loaded 
by the counter’s value every instruction cycle. Thus, it 
enables a simple monitoring of the count. 


G1 toggles every time counter CB counts through « 0 ». 





Frequency generation 

This mode generates a square wave on G1. The period 
is determined by the contents of register RB. Using the 
autoreload procedure, the counter is only loaded when it 
counts down through zero. Therefore, it may be necessary 
to initially load the counter (see nota 1). IN3 has no effect 
in this mode. 


= (N + 1) tCLKp; Period = 2 (N + 1) tcLKB 
Where N = Content of counter RB 
O<N < 216-4 
tCLKB = Block B clock period 


Frequency divider 

This mode generates a square wave on G1. The period 
is determined by the contents of register RB, and by the 
external frequency applied on IN3 pin. The counter 
decrements on the high to low transition of IN3 pin. Us- 
ing the autoreload procedure, the counter is only loaded 
when it counts down through zero. Therefore, it may be 
necessary to initially load the counter. 


tina > 


INS 


A = 2,5 tcLK 

t = (N + 1) tINg; Period = 2(N + 1) ting 
Where N = contents of counter RB 

O 


O<N< 2164 
tCLK = System clock period 
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Symbol 








Definition 
internal Architecture Symbols 
A bit Accumulator 
B 8-bit RAM address register 
Br Upper 4 bits of B (register address) 
Bd Lower 4 bits of B (digit address) 
Cc 1-bit Carry register 
D 4-bit Data output port 
EN 4-bit Enable register 
G 4-bit General purpose |/O port 
iL. One 1-bit (IN3) latch 
IN 4-bit input port 
L 8-bit 3-state I/O port 
M ' 4-bit contents of RAM addressed by B 
PC 11-bit ROM address program counter 
Q 8-bit latch for L port 
SA, SB, SC 11-bit 3-level subroutine stack 
siO 4 bit Shift register 
SK Logic-controlled clock output 
SKL 1-bit lach for SK output 
T 8-bit timer 





instruction operand symbois 





d 4-bit operand field, 0-15 binary (RAM digit select) 
r 3-bit operand field, 0-7 (RAM 
register select) 
a 11-bit operand field, 0-2047 (1023) 
y 4-bit Operand field, 0-15 (immediate data) 
RAM(x) RAM addressed by variable x 
ROM(x) ROM addressed by variable x 
Operational Symbois 
+ Plus 
_ Minus 
> Replaces 
- is exchanged with 
- is equal to 
A one's complement of A 
® exclusive-or 
; range of values 


TS94100 INSTRUCTION SET 


Machine 
Language 


Skip 


Conditions Description 


Add with carry, Skip on 
Carry 


Complement and Add with 


Carry, Skip on Carry 


16/31. 


THOMSON SEMICONDUCTEURS 








1-168 





TS94120°TS94144 





INSTRUCTION SET (continued) 


Machine 
Language Skip 





MEMORY REFERENCE INSTRUCTIONS 
CAMT 33 0011,0011 



































LDD 


Load A with RAM pointed 


aia 
r 


F }.1011:1111; | ROM(PC19.8,A,M)|-Q 


| 


to directly by r, d 


LQID Load Q indirect (Note 3) 


00 )}| A> 17-4 Copy A, RAM to T 
3F |} .0011,1111), | RAM(B) > T3-9 
CTMA 33 |} .0011,0011; | T7-4 ~ RAM(B) Copy T to RAM, A 
2F |}10010:1111; | T3q9 7A 
CAMQ 33 |1.0011:0011; | A> Q7-4 Copy A, RAM to Q 
3C {| 1.0011:1100; | RAM(B) ~ Q3.5 
CQMA 33 0011:0011; | Q7-4 > RAM(B) Copy Q to RAM, A 
2C }10010:1100) | Q39 7A 
LD .00 110101; | RAM(B) ~A Load RAM into A 
(r = 0,3) Br@r-— Br Exclusive-OR Br with r 


40 0 > RAM(B)o 
0 > RAM(B)4 


0 > RAM(B)o 


Reset RAM Bit 


os — 
Bd 














43 0 > RAM(B)3 
4D 1 > RAM(B)o 
47 1 > RAM(B)4 


46 1 + RAM(B)o 
4B 1 > RAM(B)3 
STIl (O11% y 31} y ~ RAM(B) Store Memory immediate 
Bd + 1 — Bd and increment Bd 
TCRA .0010:0011;/ CD>RD1111 >A Transfer Counter 
1 0/101 CW > RW to Register (Timer A) (Note 8) 


TCRB CB ~ RB 1111 - A Transfer Counter 


to Register (Timer B) (Note 8) 


One’s complement of B,3 to B;3 
(Toggle memory bank) 


Transfer Register 
to Counter (Timer A) (Note 8) 


Transfer Register 
to Counter (Timer B) (Note 8) 


Exchange RAM with A 
Exclusive OR Br with r 


Exchange A with RAM pointed 


ane 


TMB 


io 
fo) 
es 
oak 
io 
io 
—_ 
— 
189) 
@ 

J 

® 

aS 
r) 


IVY TUYY tty 
10011,0 1 
TRCA 10010,0011;| RD>~CD11117A 
.1000:1010; | RW > CW 
0010,0011) 


. TRCB RB > CB1111 >A 


On] en on ™“ 
= |o 
io 
—_s 
= lo 
lo 
oo 
_— a 7 
=—S Seo 


1 
.1001:1010; 


r:011 RAM(B) + A 
(r = 0,3) Br@r- Br 
0010,0011; | RAM(r,d)<- A 
‘oer 5 to directly by rd 
00 ri;0111 RAM(B) @ A Exchange RAM with A 


(r = 0,3) Bd-1 — Bd decrements and Decrement Bd . 
Br@r- Br past 0 Exclusive Or Br with r 


XAD 













1.00 r:0100; | RAM(B) <A Bd Exchange RAM with A 
(r = 0,3) Bd + 1 — Bd increments and increment Bd 
Br@r- Br past 15 Exclusive Or Br with r 
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INSTRUCTION SET (continued) 


Machine 
Language 
Code 
(Binary) 


: Jump within Page (Note 4) 
pages 2; 3, only) 


or 
{1_1] 85:0 j 


(all other pages) 
PC+1 ~~ SA + SB + SC Jump to Subroutine Page 
00010 + PCig¢ (Note 5) 
a PC5:0 


PC +14 SA + SB += SC Jump to Subroutine 


Always Skip Return from Subroutine 
on Return _ then Skip 


Skip until Load B immediate with r.d 
(r=0:3) notaLBI © (Note 6) 


(d=0,9:15) 
or 


foo1 yoo 


1} or d . 
(any r, any d) 


. Load EN Immediate (Note 7) 


Exchange A with Br ~ 


A=RAM(B) Skip it A Equals RAM 


Skip if G is Zero 
(all 4 bits) 


j0.0 11300114] 1st byte Skip if G Bit is Zero 
oooooory 
jooo ooo ry 
2nd byte 
00010011 
00110011 
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INSTRUCTION SET (continued) 


Skip 
Conditions 


RAM (B)g=0 Skip if RAM Bit is Zero 


RAM (8); =0 
RAM (B)o=0 


RAM (B)3=0 


A time-base Skip on Timer 
counter (Note 3) 

carry has occured 

since last test 












Input G Ports to A 
(Note 9) 







j0011j0011} 


j0.010f1010] 
(0011J00114 


j00 101000] | 


















Input IN inputs to A 


Input ILg Latch toA 


(Note 3) 


Input L Ports to RAM, A 


Output Bd to D Outputs 


Output to G Ports 


Immediate 






RAM(B)2~>Go 
RAM(B)3>G3 


=) ee aie waa 


Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (eg., Br and Bd are explicitly defined). Bits are 
numbered 0 to N where 0 signifies the least significant bit (low-order, right-most bit). For example, A, indicates the most significant (left-most) 
bit of the 4-bit A register. 

Note 3: For additional on the operation of the XAS, JID, LAID, INIL, and SKT instructions, see below. 

Note 4: The JP instruction allows a jump, while in subroutine page 2 or 3, to any ROM location within the two-page boundary of pages 

2 or 3. The JP instruction, otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word 
of a page. 

Note 6 : A JSAP transters program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when 
in pages 2 or 3. SRP may not jump to the last word in page 2. 

Note 6: LBlisa single-byte instruction ifd=0, 9, 10, 11, 12, 13, 14, or 15. The machine code for the lower 4 bits equais the binary value of the 
“d" data minus 1, @.g., to load the lower four bits of B (Bd) with the vaiue 9(1001 2): the lower 4 bits of the LBI instruction equal 8 (10002). To 
load 0, the lower 4 bits of the LBI instruction should equal 15 (11119). 

Note 7 : Machine code for operand field y for LEI instruction should equa! the binary vaiue to be latched into EN, where a1” or “O" ineach 
bit of EN corresponds with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN 
Register). 

Note 8: All transfer instructions (TRCA, TCRA, TRCB, TCRB) must be selected when B,3 = 1. If B3 = 0, these transfer instructions will 
be decoded as XAD instruction. 

Note 9: GO and G1 can be used as inputs only with options 34.1 and 35.2. 


Output RAM to G Ports 









Exchange A with SIO 


(Note 3) 
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DESCRIPTION OF SELECTED INSTRUCTIONS 


XAS Instruction 

XAS (Exchange A with SIO) copies C to the SKL lateh and 
exchanges the accumulator with the 4-bit contents of the 
SIO serial-in/serial-out shift register. An XAS instruction 
can be performed once every 4 instruction cycles to 
effect a continuous data stream. 


LQID Instruction 
LQID (Load Q Indirect) loads the 8-bit Q register with the 
contents of ROM pointed to by the 11-bit word PC19: PCg, 
A,M. LQID can be used for table lookup or code conver- 
sion such as BCD to seven-segment. The LQID instruc- 
tion « pushes » the stack (PC + 1 —- SA — SB — SC) and 
Nga the least significant 8 bits of the PC as follows: 
> PC7:4, RAM(B) > PC3:0, leaving PC40, PCg and 
as unchanged. The ROM data pointed to by the new ad- 
dress is fetched and loaded into the Q latches. Next, the 
stack is « popped » (SC — SB — SA > PC), restoring the 
saved value of PC to continue sequential program execu- 
tion. Since LQID pushes SB into SC, the previous con- 
tents of SC are lost. 


Note: LQID uses 2 instruction cycles if executed, one if 
skipped. 

viD instruction 

JID (Jump Indirect) is an indirect addressing instruction, 
transferring program control to a new ROM location 
pointed to indirectly by A and M. It loads the lower 8 bits 
of the ROM address register PC with the contents of ROM 
addressed by the 11-bit word, PC49-8, AM. PC19, PCg 
and PCg are not: affected by JID.. 


Note: JID uses 2 instruction cycles if executed, one if 
skipped. 


SKT Instruction 

The SKT (Skip On Timer) instruction tests the state of the 
T counter overflow latch (see internal logic, above), ex- 
ecuting the next program instruction if the latch is not set. 
If the latch has been set since the previous test, the next 
program instruction is skipped and the latch is reset. The 
features associated with this instruction allow the pro- 
cessor to generate its own time-base for real-time process- 
ing, rather than relying on an external input signal. 


SKT can be used (when the option selected for CPU 
interrupt source is the: timer’ overflow)i during’ the 
_ interrupt service routine to clear the overflow latch. 


INIL Instruction 

INIL (Input IL Latch to A) inputs latch IL3, CKO and 0 
into A. The IL3 latch is set if a low-going pulse (« 1 » to 
« 0 ») has occured on the IN3 input since the last INIL in- 
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struction, provided the input pulse stays low for at least 
two instruction cycles. Execution of an INIL inputs IL 3 in- 
to A3, and resets this latch to allow it to respond to subse- 
quent low-going pulses on the INS. If CKO is mask pro- 
grammed as a general purpose input, an INIL will input 
the state of CKO into A2. If CKO has not been so pro- 
grammed, a « 1 » will be placed in A2. A1 and AO are 
cleared. IL latch is cleared on reset. 


IN3 





FIGURE 14: INIL HARDWARE IMPLEMENTATION 


RET and RETSK Instructions 

When a RET instruction is executed at the end of the in- 
terrupt subroutine, it restores the state of bit Br3 that was 
saved at the beginning of the interrupt subroutine. When 
‘used at the end of a software subroutine, a RET instruc- 
tion will clear bit Br3. The RETSK instruction never 
modifies bit Br3. 


Instruction set notes 

e The first word of a program (ROM address 0) must be 
a CLRA (Clear A) instruction. 

e Although skipped instructions are not executed, they 

‘are still fetched from the program memory. Thus pro- 
gram paths take the same number of cycles whether 
instructions are skipped or executed except for JID, and 
LQID. 

e The ROM is organized into pages of 64 words each. 
The Program Counter is a 11-bit binary counter, and will 
count through page boundaries. If a JP is the last word 
of a page, it operates as if it were in the next page. For 
example, a JP Located in the last word of a page will 
jump to a location in the next page. JID or LQID located 
in the last word of every fourth page (i.e. hex address 
OFF, 1FF, 2FF, 3FF, 4FF, etc.) will access data in the 
next group of four pages. 


Note: TS94120 needs only 10 bits to address its ROM. 
Therefore, the eleventh bit (10) is ignored. . 
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MAXIMUM RATINGS 


RATING SYMBOL VALUE 


Input voltage 












Vv 


—0.8 to +10 
—0.5 to +14 














Voltage on any other Pin —0.5 to +10 ae 
Ambient operating temperature 


oa 
TS94100CP 0 to 
pve 


+70 °C 
TS94100TP —40 to +85 °C 


Ambient storage temperature Tstaq —65 to + 150 


Lead temperature (soldering 10s) FT p00 | 
1 
"toa ta 
ieee a ae 
ee ee ea 


°C 

W 
mW 
mA 









Power dissipation 
Ta = +25°C 
Ta = +70°C 


Total source current 
Total sink current 





D.C. AND OPERATING CHARACTERISTICS | 
Ta = 0°C to +70°C Vcc = 4.5V to 5.5V (Unless otherwise specifed) 


Characteristic 


Power supply ripple (peak to peak) - Note A 


Operating supply current (all inputs set to 1) 
(all outputs set to 1) 
(all inputs set to 1) - 
(all outputs set to 0) 


CKI input level 
Crystal or RC Logic-high ViH 


Logic low VIL 
‘| External clock Logic high VIH 
Logic low VIL 


RESET and WATCHDOG (D3) SCHMITT trigger input level 
Logic high ViH 
Logic low VIL 


Input level on all other inputs 
With TTL option selected Logic high ViH 
Logic low VIL 
With high voltage option selected Logic high VIH 


Logic low VIL 


Input capacitance 
| High impedance input leakage 


OUTPUT 


TTL load 
Logic high (loy = —100zA) VOH 
Logic low (Io_ = 1.6 mA) VOL 








CMOS load Logic high (lo = —10pA) VOH 0.7VccC 
Logic low (lo, = + 10,A) VOL = 
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OUPUT SINK CURRENT 


Characteristic 


SO,SK and LO-7 outputs with TTL option 
(Voc = 5.5V, VoL = 0.4V) 
(Voc = 4.5V, VoL = 0.4V) 


G1-G3, DO-D3, LO-L7 outputs with very high current option 


(Vcc = 5.5V, VoL = 1.0V) 
(Vcc = 4.5V, VoL = 1.0V) 


GO output (Triac driver) 
Voc = 5.5V, VoL = 2.0V 
Voc = 4.5V, Vo_ = 1.0V 


CKI (Single-pin RC oscillator) 
Voc = 4.5V, Vi, = 3.5V 






























OUTPUT SOURCE CURRENT 


G2, G3, DO-D3 standard output and SO, SK output with TTL option 
Voc = 5.5V, Von = 2.0V 
Voc = 4.5V, VoH = 2.0V 


SO, SK outputs with high current option, GO, G1 and LO-L7 outputs 
Voc = 5.5V, VoH = 2.0V 
Voc = 4.5V, Von = 1.0V 


Input load source current 
Voc = 5.5V, Vir = OV 
Voc = 4.5V, Vit = OV 


Characteristic 
3-State Output leakage current (Available on L only) 


Total Sink Current allowed 
All outputs combined 
D, G Ports 
L Port 
each LO-L7, G1-G3, DO-D3 pin 
GO pin 
Each other pin 

Total Source Current allowed 
All \/O combined 
Each LO-L7, GO, G1, SO, SK pin 
All other pins combined 





Note A: Voc change must be less than 0.5V in a 1ms period to maintain proper operations. 
Note B: INO Offset Voltage is the absolute value of the difference between the voltage at INO and GROUND. 
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MCU AND DUAL TIMER ELECTRICAL CHARACTERISTICS 
o°c < Ta < 70°C; 4.5V < Vcc < 5.5V (Unless otherwise specified) 


Characteristic 


Instruction cycle time 
XTAL (Fig. 16) 
(option 4.1) 
(option 4.0) 
RC Oscillator (option 4.1) 
External clock (option 4.1) 


Rise time, fall time on CKI input 
(External waveform generator 
on CKIl) 

CKI duty cycle (Fig. 17) 


Input set up time 


Output propagation delay (Load = one TTL load) 
SK (ENO = 0, SK = 1) 

SK as an output (SK = 0) tod1, tpdo 
SO as an output (ENO, EN3) = (00, 10, 17) tod1: todo 
SO as SIO output (ENO, EN3) = 01 tod1 tpdo 
All other outputs tod1: todo 


1 
t 
t 


Dual timer 


System clock (Fig. 19) fCLK 


Timer A and timer B 
Prescaler CLKA: fCLKB 


Prescaler CLKA: ‘CLKB 
Prescaler CLKA: fCLKB 
Prescaler CLKA: ‘CLKB 


-INO, IN3 INPUT 
Ail modes 
INO in analog period counter mode 


INO Voffset 
OV 


Zero crossing dectector (ZCA) 


output 
Voffset > 0 
OV 
INO Voffset 
Zero crossing detector (ZCA) 
output 
Voffset < 0 








90 
22,5 
11250 





FIGURE 15: ZERO CROSSING DETECTOR OUTPUT 
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Characteristic 


External C value 
External R value (C = 250pF) 


External C values 


fcoK) = 5 MHz 


foK! = 455 kHz . 





CKI 





Duty cycle = t;/T 





FIGURE 16 | FIGURE 17 


Instruction cycle time (tc) 








; of J #2 | 68 | 4 | o 4 #1 $2 63 b4 b5 
l I | | 
CK! 
wo} gl So D3 
! Io 
Si VOH : VOL 
= a t 
(ENO = 0, SKL = 1) 1 t set up 1 thoi | 
IN1, IN2, IN3 | 
INPUTS {0 L1... L7 | 
CKO, SI | 
| 
Lo, Lt... L7 a Fe 
DO, D1, D2, D3 I l | 
G2, G3 t t 
SK, SO /ENO, EN3 = 0,0 jt ‘pdt > pao >t 
Sraurs (Exo EN3 = 0,1) 
ENO, ENS = 1,1 }<— tpd1—>} p< tedo-} 
56 VOH VOL 
(SIO output) | 


| 1 WOH VOH SK is a 0.5 duty cycle signal. 
VOL VOL Inputs are sampled (by MCU) on the falling edge of SK. 
GO, G1 I | i Outputs may be sampled on the rising edge fo SK. 
tLH eee pt <— HL Note that 1, 2, 3, #4, #5 are MCU internal. 


FIGURE 18: 1/0 TIMINGS (+ 10 MODE) 
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CLK 





Z ee 
| | 
| + | 
fo =——| 
(System clock) j Cte | 
| 
Sees eee a 
MASK OPTION 


1: + 5 (option 4.0) 
‘Il: + 10 (option 4.1) 
{Il : + 20 (option 4.2) 


FIGURE 19: PRESCALERS MASK-OPTIONS 


6- 
CKl 

ore oe ee eg ee ee | 
{ DUAL TIMER 
| 

jJCLKA Prescaler A | 
| 1, 5, 20 or 40 | 
| | 
| 

| | 
ICLKB Prescaler B | 
i 1, 5, 20 or 40: | 
| | 
| 
ER ean tig RO ata See aT ee a - 

1/0 OPTIONS 


TS94100 outputs have the following optional configura- 
tions illustrated by figure 20: 


a. General purpose - an enhancement-mode device to 
ground in conjunction with a depletion-mode paralleled by 
an enhancement-mode device to Vcc. 

On G2-G3 and SO-SK with TTL option, this configuration 
is compatible with TTL and CMOS input requirements. On 
G1 and SO-SK with high current option, it allows fast ris- 
ing and falling edges when driving capacitive loads. On 
GO, the enhancement-mode device to ground meets the 
typical current sinking requirements to directly trigger a 
triac. 


b. Open-drain - an enhancement mode device to ground 
Only, allowing external pull-up, as required by the user’s 
application. Available on SO, SK, D, G2-G3 outputs. 


c. 3-state general purpose - same asia. |ibut may be 
disabled. 


THOMSON SEMICONDUCTEURS 
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The sinking devices meet the typical current sinking re- 
quirements of a LED display. These devices may be turn- 
ed off under program control (see functional description, 
EN register) in a high-impedance state to provide required 
LED segments blanking for a multiplexed display. 
Available on L outputs only. 


d. Open-drain L - same as b, but may be disabled - 
available:on L only. 


e. 3-state push-pull - an enhancement-mode device to 
ground and Vcc. Available on L outputs only. 


TS94100 inputs have the following optional configurations: 
f. An on-chip depletion load device to Vcc. 


g. A Hi-Z input which must be driven to a « 1 » or « 0 » by 
external Components. 
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OUTPUT CONFIGURATIONS 


Vcc 


#30r#4 


—Do #1 or# 2 
N 





a. GENERAL PURPOSE OUPTUT b. OPEN DRAIN OUTPUT 


Disable Vcc Vcc 





Disable 
TS) DAE, # tort 
N 


#1or#2. 


\ 


c. 3 STATE GENERAL PURPOSE L OUTPUT d. OPEN DRAIN L OUTPUT 


Disable Vcc 






#1or#2 


‘ 


e. 3-STATE PUSH-PULL L OUTPUT 


FIGURE 20 


INPUT CONFIGURATIONS 


Vcc 
N 
N 
f. INTPUT WITH LOAD g. Hi-Z INPUT 


FIGURE 21 
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The above input and output configurations share common 
enhancement-mode and depletion-mode devices. 
Specifically, all configurations use one or more of 7 devices 
(numbered + 1 to # 7 respectively). 


The SO, SK, D, G2-G3 outputs can be configured as 
shown in a, b. 


The GO-G1 are configured as general purpose output, as 
shown in a. 


Note that when inputing data to the G ports, the G out- 





G2, G3 
fe D1, D2, D3 





LO, L1... L7 





Output 
scheme 


1-179 


option fe|s|4 [517 





puts should be set to a « 1 ». The L outputs can be con- 
figured as shown in c, d, e. 


An important point to remember if using configuration c 
with the L drivers is that even when the L drivers are disabl- 
ed, the depletion load device will source a small amount 
of current (see figure|20 device 5) ; however, when the 
L lines are used as inputs, the disabled depletion device 
cannot source a sufficient current to pull up an external 
input to a togic 1. 


INO is configured as an Hi-Z input. 
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OPTION 1: CKO Pin configuration 
0: clock generator output to crystal/resonator 
1: general purpose input, load device to Vcc 
2: general purpose input, high-Z 
OPTION 2: CKO intput levels 
0: standard TTL input levels (0 = 0.8V, 1 = 2.0V) 
1 : higher voltage input levels (0 = 1.2V, 1 = 3.6V) 
OPTION 3: CKI input configuration 
0: single pin RC controlled oscillator (option 4 
must be + 10) 
1: crystal input 
2: external clock (option 4 must be + 10) 
OPTION 4: CKI divider 
0: CKI frequency divided by 5 
1: CKI frequency divided by 10 
2: CKI frequency divided by 20 
OPTION 5: Reset pin configuration 
0: load device to Vcc 
1: high-Z input 
OPTION 6: IN input configuration (IN1-IN3) 
0: load device to Vcc 
1: high-Z input 
OPTION 7: IN input levels (IN1-IN3) 
0: standard TTL input levels (0 = 0.8V, 
1: higher voltage input levels (0 = 1.2V, 
* Note: INO has no option 
OPTION 8: SI input levels 
0: standard TTL input levels (0 = 0.8V, 1 = 2.0V) 
1: higher voltage input levels (0 = 1.2V,1 = 3.6V) 
OPTION 9: SO output configuration - 
0: general purpose TTL output | 
1: general purpose high current output 
2: open drain output 
OPTION 10: SK output configuration 
same as OPTION 9 
OPTION 11: LO output driver 
0: 3-state general purpose TTL output 
1: 3-state general purpose very high current 
‘Output 
: open drain TTL output 
: open drain very high current output 
: 3-state push-pull TTL output 
: 3-state push-pull very high current output 
OPTION 12: L1 output driver 
same as OPTION 11 
OPTION 13: L2 output driver 
same as OPTION 11 
OPTION 14: L3 output driver 
same as OPTION 11 
OPTION 15: L4 output driver 
same as OPTION 11 
OPTION 16: L5 output driver 
same as OPTION 11 


2.0V) 
3.6V) 


oh ®h 





OPTION LIST 


OPTION 19: L input level LO-L7 
0: standard TTL input levels (0 = 0.8V, 1 = 2.0V) 
1: higher voltage input levels (0 = 1.2V, 1 = 3.6V) 
OPTION 20: G2 output driver 
0: general purpose output 
1: open drain output | 
OPTION 21: G3 output driver 
same as OPTION 20 
OPTION 22: G input level (GO-G3) 
0: standard TTL input levels (0 = 0.8V, 1 = 2V) 
1: higher voltage input levels (0 = 1.2V, 1 = 3.6V) 
OPTION 23: DO output configuration 
same as OPTION 20 
OPTION 24: D1 output configuration 
same as OPTION 20 
OPTION 25: D2 output configuration 
same as OPTION 20 
OPTION 26: D3 output configuration 
same as OPTION 20 
OPTION 27: CPU interrupt source 
0: external interrupt 
1: timer overflow 


OPTION 28: timer input 


0: prescaler output 
1: event counter 
OPTION 29: watchdog 
0: no watchdog 
1: D3 pin as watchdog input (OPTION 26 must 
be open drain) 
OPTION 30: Dual timer block A clock (CLKA) 
0: system clock (CLK) divided by 1 
1: system clock (CLK) divided by 5 
2: system clock (CLK) divided by 20 
3: system clock (CLK) divided by 40 
OPTION 31: Dual timer block B clock (CLKB) 
0: system clock (CLK) divided by 1 
. 1: system clock (CLK) divided by 5 
2: system clock (CLK) divided by 20 
3: system clock (CLK) divided by 40 
OPTION 32: Dual timer interrupt source (block A) 
0: zero crossing detector output falling edge (ZCA) 
1: zero crossing detector output rising edge and 
falling edge (ZCA) 
OPTION 33: Mode selection for MRBO 
and MRB1 


0 
0 


0: period measurement 
1: duty cycle measurement 
OPTION 34: GO output for STA = 0 
0: logical 0 
1: logical 1 
OPTION 35: G1 output for STB = 0 or when G1 
is disabled (see CSB on fig. 14) 


OPTION 17: L6 output driver . ec 
same as OPTION 11 eae 
OPTION 18: L7 output driver | 
same as OPTION 11 
THOMSON SEMICONDUCTEURS 
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el 


PIN ASSIGNMENTS 


PIN NAMES 


L7- LO 8 bi-directionnal I/O ports with 3-state output 
G3 - G2 2 bi-directionnal |/O ports 
GO - G1 2 dual timer peripheral outputs or 2 general purpose inputs 
INO Dual timer peripheral analog input (Zero crossing detector input) 
IN1-IN2 2 general purpose inputs 
IN3 General purpose or dual timer peripheral input 
Serial input 
Serial output (or general purpose output) 
3 general purpose outputs 
General purpose output (or watch dog input) 
Logic controlled clock (or general purpose output) 
Oscillator input 
Oscillator output (or general purpose input) 
RESET input 
Power supply 
Ground 








bo 

D1 
D2 GND DO 
D3 CKO D1 
G3 CKI D2 
G2 RESET D3 
Gt L7 G1 
ree, 2D oc : 
ba LS. IN3 
~ \4G® tseq1as 17[ No 
SK Voc SK 
ed L3 [10 SO 
= L2 Lj11 SI 
LO Li [12 LO 
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ORDERING INFORMATION 


TS$94120CP 


Operating Temperature Range 


Peripheral 
1 = Dual timer = 0°C, + 70°C 
T = — 40°C, + 85°C 
Pin out 
Oor4= 28 pins 
1or5 = 24 pins 
ROMLESS VERSIONS (64 Pins). Memory Size 
TS94104 - P = Timer ROM RAM — 
2 1024x8 64x 4 
4 2048x8 128 x 4 
30/31 | 
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PHYSICAL DIMENSIONS 


CB-132 


(1) Nominal dimension 
(2) True geometrical position 








P SUFFIX 
PLASTIC PACKAGE 





CB-68 


(1) Nominal dimension 
(2) True geometrical position 





P SUFFIX 
PLASTIC PACKAGE 





These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different products. 








THOMSON SEMICONDUCTEURS 


1-183 


31/31 
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8-BIT MICROCOMPUTERS SELECTION GUIDE 





EF6801 FAMILY 


Part 
































Function Characteristic Package Page 
number 
HIGH EF6801 Dedicated MCUs for applications where e RAM: 128 bytes 2-7 
PERFORN- high computing facilities are required (64 standby) 
ANCE such as personal/home computers, in- e ROM: 2 Kbytes 
MCUs ~~ jection/trip computers, data transmission 
EF6803 computers. e RAM: 128 bytes 2-7 
e 8X8 multiply instruction (64 standby) 
——————— @ 29 1/0 lines and 2 control lines 
EF681U4* e 16-bit programmable timer e RAM: 192 bytes 2-47 
e Single-chip or expanded operation up (32 standby) 
to 64 Kbytes addressing space e ROM 4 Kbytes 
—————~ @ Serial Communication Interface (SCI) ST ee a ee ee 
EF6803U4* e Emulation and development on e RAM : 192 bytes 2-47 
DEVICE® (32 standby) PLCC44 
* DIL only 
EF6804 FAMILY 
: Part as 
Function Characteristic Package Page 
number 
LOW-END - EF6804J2 The highest improvement in cost e RAM: 32 bytes 
MCU reduction for low-end applications e ROM: 1012 bytes 2-91 
An MCU at a TTL/LS price level. 
e 12 bidirectional I/O lines (8 LED 
compatible) 
e Self check mode 
e 8-bit timer with 7-bit software DIL20 
programmable prescaler 
e Emulation and development on 
DEVICE® 
LOW COST EF6804P2_ High on-chip feature integration well e RAM: 32 bytes 
MCU suited for additional 4-bit application e ROM: 1020 bytes 
extensions. 
e 20 bidirectional I/O lines (8 LED 
compatible) 
e Self check mode 
e 8-bit timer with 7-bit software 
programmable prescaler 
e Emulation and development on 
DEVICE® PLCC28 
LOW EF68HCO4P3 Dedicated to power and data saving e RAM: 124 bytes , 2-181 
POWER applications or requiring protection e ROM: 2 Kbytes 
MCUs against mains failures. e 20 1/0 lines 
e Pin to pin and software compatible 
with EF6804P2 DIL28 
e Self check mode 
e 8-bit timer with 7-bit software 
programmable prescaler 
e Emulation and development on 
DEVICE® PLCC28 
TS68HCO04J3 e RAM: 124 bytes 2-179 
e ROM: 2 Kbytes 
e 12 1/O lines 





DIL20 





pevice®s THOMSON SEMICONDUCTEURS’ development/emulation tool. 
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EF6805 FAMILY 


Function 


PROCESS 
CONTROL 
MCUs 


A/D 
CONVER- 
SION 
MCUs 


Part 
number 


EF6805P2 


EF6805P6 


EF6805U2 


EF6805U3 


EF6805R2 


EF6805R3 


8-BIT MICROCOMPUTERS SELECTION GUIDE 


Characteristic 


General purpose MCUs covering a wide 
range of applications such as electronic 
ignition, keyboard encoding, home 
appliances, electronic games.... 


e Self check mode 

e 8-bit timer with 7-bit programmable 
prescaler 

e Emulation and development on 

DEVICE® 


Dedicated MCUs for industrial control 
and applications where low cost analog 
signal computing is required such as 
automotive motor control. 


e 32 1/0 lines: 
- 24 bidirectional (8 LED compatible) 
- 8 input ohly 

o Self check mode 

e 8-bit timer with 7-bit programmable 
prescaler 

e A/D converter with 8-bit conversion 
and 4 multiplexed analog inputs 

e Emulation and development on 
DEVICE® 


e RAM: 64 bytes 
e ROM: 1 Kbyte 
20 I/O lines 

(8 LED compatible) 


e RAM: 64 bytes 

e ROM: 1796 Kbytes 

e 20 1/0 lines 
(8 LED compatible) 


RAM: 64 bytes 
ROM: 2 Kbytes 
e 32 1/0 lines: 
- 24 bidirectional 

(8 LED compatible) 
- 8 input only 


e RAM: 112 bytes 
e ROM: 3776 bytes 
e 32 1/0 lines: 
- 24 bidirectional 
(8 LED compatible) 
- 8 input only 


e RAM: 64 bytes 

e ROM: 2 Kbytes 

e Mask programmable 
prescaler 


e RAM: 112 bytes 
e ROM: 3776 bytes 


e Software programmable 


prescaler 











Package Page 
ll 2-225 
DIL28 
er 2-249 
PLCC28 
2-329 
DIL40 
2-355 
PLCC44 
2-273 
' 2-301 
DIL40 
PLCC44 
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8-BIT MICROCOMPUTERS SELECTION GUIDE 





MK3870 FAMILY 


Part 


















Function Characteristic Package Page 
number 
LOW MK3870 General purpose single chip micro- e RAM: 64 bytes scratchpad, 2-399 
POWER computer 64 bytes executable (option) 
MCU e Programmable binary timer e ROM: 2 K or 4 Kbytes 
e External interrupt e 32 TTL compatible I/O 
e Crystal, LC, RC or external time base DIL40 
LOW COST MK2870 28 pin version of MK3870, ideal for e RAM: 64 bytes 2-381 
MCU applications where PC board space is e ROM: 1 Kbyte 
premium e 20 TTL compatible I/O 
e Programmable binary timer 
e External interrupt DIL28 
e Crystal, LC, RC or external time base 
SERIAL MK3873 Single chip microcomputer which e RAM: 64 bytes scratchpad, 2-427 
1/0 PORT introduces a major addition to the 3870 64 bytes executable (option) 
MCU microcomputer family, a serial input/ e ROM: 2 Kbyte 
output port e 29 TTL compatible parallel 
e Programmable binary timer 1/0 
e Vectored interrupts 
e External interrupt DIL40 
e Crystal, LC, RC or external time base 
LOW MK3875 Single chip microcomputer which offers e RAM: 64 bytes scratchpad, 
POWER a low power standby mode of operation 64 Bytes executable 
STANDBY as an addition to the 3870 family e ROM: 4 Kbytes 
RAM e Programmable binary timer e 30 TTL compatible !/O 
MCU e External interrupt 
e Crystal, LC, RC or external time base 
PIGGY- MK38P70 EPROM version of 3870 family which e Identical pinout as 
BACK aliminates the need for emulator board MK3870 
EPROM —_____. products. Can be used in prototype ee re ee Oe Ae 
MCUs MK38P73 systems in order to test design concepts _— e Identical pinout as 2-427 
in field service before commiting to high MK3873 
—______—_ volume production Fr ae EN OE 
MK38P75 e Piggyback PROM package e Identical pinout as 2-453 
e Accepts 24 pin or 28 pin EPROM MK3875 
memories PIGGY- BACK 


e Full emulation of 3870 family 
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EF6801 e EF6803 
MICROCOMPUTER/MICROPROCESSOR (MCU/MPU) 


The EF6801 is an 8-bit single-chip microcomputer unit (MCU) which © 
significantly enhances the capabilities of the 6800 family of parts. It includes 
an upgraded 6800 microprocessor unit (MPU) with upward-source and 
object-code compatibility. Execution times of key instructions have been 
improved and several new instructions have been added including an unsigned 
multiply. The MCU can function as a monolithic microcomputer or can be 
expanded to a 64K byte address space. It is TTL compatible and requires 
one + 5-volt power supply. On-chip resources include 2048 bytes of ROM, 
128 bytes of RAM, a Serial Communications Interface (SCI), parallel 1/O, 
and a three function Programmable Timer. The EF6803 can be considered 
as an EF6801 operating in Modes 2 or 3. EF6801 MCU Family features 
include : 

P SUFFIX 

Enhanced EF6800 Instruction Set po ake eae 
8 x 8 Multiply Instruction ALSO AVAILABLE 
Serial Communications Interface (SCI) C SUFFIX 
Upward Source and Object Code Compatibility with the 6800 CERAMIC PACKAGE 
16-Bit Three-Function Programmable Timer 
Single-Chip or Expanded Operation to 64K Byte Address Space CB-521 
Bus Compatibility with the 6800 Family 


2048 Bytes of ROM (EF6801) 
128 Bytes of RAM 
64 Bytes of RAM Retainable During Powerdown 


29 Parallel 1/O and Two Handshake Control Lines 
Internal Clock Generator with Divide-by-Four Output. 
Complete Development System Support on DEVICE®. 
—40°C to + 85°C Temperature range 

—40°C to + 105°C Temperature range PIN ASSIGMENT 


FN SUFFIX 
PLCC 44 


Devices THOMSON SEMICONDUCTEURS'’ development/emulation tool. 
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P37 
P36 
P35 
P34 
P33 
P32 
P31 
P30 
SC2 
SCl 


P47 


P45 
P44 
P43 


P42 
P41 
P40 


FIGURE 1 — 6801/6803 BLOCK DIAGRAM 


A7/D7 (07 0 
A6/D6 D6 1/0 


Expanded Multiplexed MPU 
Expanded Non- Multiplexed 
| = Single Chip rT? 
ak Port 


A5/D5 D5 1/0 Port 2 rep hg — 
A4/D4 D4 1/0 3 DEED 
A3/D3. D3 —*/O 
A2/D2. 02 1/0 
A1/D1 D1 1/0 
A0/D0 00 1/0 Pee i 
RW sOR/W OSB Ln | Timer 
AS ios {$3 
aL SCI 





AIS A? 1/0 

Al4 AB 1/0 Address 

A13 A5 1/0 Port 

Al2 A4 1/0 4 

All A3 0 ~«« 

Ai0 = A2_—s*W/O 

AQ Al 1/0 

A8 AO 1/0 Si 
Vcc Standby] 128 x 8 Tea. 

BAM (1) 


(1) No functioning ROM in EF6803 


POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can be obtained from: 
Ty=TA+(Ppedja) 
Where: 


Ta #Ambient Temperature, °C 

6)A ™=Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD = PINT + PPORT 

PintT#®!ccx Vcc, Watts — Chip Internal Power 

PPORT ™ Port Power Dissipation, Watts — User Determined 


P20 
P21 
P22 
P23 
P24 


P10 
P11 
P12 
P13 


P14 


P15 
P16 
P17 


(1) 


For most applications PPoRT<P|NT and can be neglected. PPoRT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and Ty (if PPORT is neglected) is: 


(Ty + 273°C) 


Solving equations 1 and 2 for K gives: 
K=Ppe(Ta + 273°C) + 8jAePD2 

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 

for a known Ta. Using this value of K the values of Pp and Ty can be obtained by solving equations (1) and (2) iteratively for any 


value of Ta. 
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MAXIMUM RATINGS 


Symbol 
Supply Voltage -—0.3 to +7.0 
Input Voltage -0.3 to +7.0 


Operating Temperature Range 


EF6801/03, EF6801/03-1, EF68A01/03 
EF68B01/03 






This device contains circuitry to protect the in- 
puts against damage due to high Static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance circuit. For proper opera- 


6801/09. EF6801/03-1: V suffix Ta ~ 40 to 85 oC tion it is recommended that Vjn and Voyt be con- 
EF6801/03, EF6801/03-1 : A suffix — 40 to 105 strained to the range Vsg < (Vin or Vout) $ VCC. 


7 Input protection is enhanced by connecting 
Silage Jlemberatuie ange unused inputs to either Vpp or VSs. 























THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance 
Plastic 
PLCC 


Frequency of Operation 

Crystal Frequency 

External Oscillator Frequency 
Crystal Oscillator Start Up Time 
Processor Control Setup Time 


















EF6801/03 EF6801/03 EF6801/03 
0°C to +70°C | —40°C to + 85°C | —40°C to + 105°C 
Characteristic | Min | Max | Min | Max | Min_| Unit _ 
Input High Voltage RESET Vsst+4.01 Vcc Msst+4.0) Vcc WMsst+4.0l Vcc 

Other Inputs} Vin [Vsst+2.0) Vcc |Vsgt2.2} Vcc WMsst+2.2l Vcc V 


Input Low Voltage Allinputs| Vit [Vgs—0.3|\Vgg +0.8\Vssg-0.3Vg5+0.8IVss—0.3Vsst+0.8] Vv | 












” 
< 
3 


- © 
Oo @ 












Vcc Standby Powerdown 
Powerup 


Standby Current Powerdown 


VSBB 
VSB 
ISBB 
* Negotiable to — 100 pA (for further information contact the factory) 


5.25 V 


input Load Current Port4 0.5 0.8 
Input Leakage Current 

(Vin = 0 to 5.25 V) NMi, IRO1, RESET lin 25 5.0 5.0 pA 
Hi-Z (Off State) Input Current 
Output High Voltage 

(ILoad= — 65 pA, Vec=Min)*  €,Port4,SC1,SC2} VoH Wsst+2.4 sst+2.4 ss+2.4 V 
Output Low Voltage 
Darlington Drive Current (Vo= 1.5 V) Pott} lon | 10 | 40 [| 10 | 50 | 10 | 50 | mA | 
Internal Power Dissipation 

Measured at Tato Stns Operaton | wr | | woo | - | soo | - | 100 

Input Capacitance Port 3, Port 4, SCI Cin 12.5 12.5 12.5 pF . 


4.0 5.25 4.0 5.25 4.0 
4.75 5.25 4.75 5.25 4.75 


or 
irs) 
om 
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PERIPHERAL PORT TIMING (Refer to Figures 2-5) 


Characteristics 


Peripheral Data Setup Time 
Peripheral Data Hold Time 


Delay Time, Enable Negative Transition to 
Peripheral CMOS Data Valid 


FIGURE 2 — DATA SETUP AND HOLD TIMES 
(MPU READ) 


oo Read 





P10-P17 

P20-P24 

P40-P47 
Inputs 


P30-P37 
Inputs® 


*Port 3 Non-Latched Operation (LATCH ENABLE = 0) 


FIGURE 4 — PORT 3 OUTPUT STROBE TIMING 
(EF6801 SINGLE-CHIP MODE) 


y MPU access of Port 3” 





Address 
Bus 


S 


cy 


“Access matches Output Strobe Select (OSS = O, a read: 
OSS = 1, a write) 









EF6801-1 | EFG68A01 EF68B01 
EF6803-1 | EFG8A03 | EFG68B03 


FIGURE 3 — DATA SETUP AND HOLD TIMES 
(MPU WRITE) 


7 MPU Write 


\CMOS 








-~--07Vcc 


All Data 


Data Valid 
Port Outputs a 


NOTES: 
1 10k Pullup resistor required for Port 2 to reach 0.7 Voc 
2 Not applicable to P21 
3 Port 4 cannot be pulled above VCC 


FIGURE 5 — PORT 3 LATCH TIMING. 
(EF6801 SINGLE-CHIP MODE) 


w 


P30-P37 
Inputs 





NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted. 
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BUS TIMING (See Notes 1 and 2) 


























= Sela 
Characteristics Symbol | EF6803 EF6803-1 EF68A03 4 EF68B03 | Unit 

| Min | Max | Min | Max] Min | Max | Min | Max | 
ore tine id age 10 20] 08 | 20 Jose] 20 J 05 [20] we | 
p_2[Puise wiath tow «iC 400 1000] 360 | TOO | B00 [TOO [210 [1005 | ~ns_] 
Wer | 480 | 1000] 360 | 1000 | 300] 1000 | 220 
[4 [Glock Rise andrantime ———SsSCSC~—~‘i | - fe] -f BP -[ SL - Ol oo | 
[3 JadsressHow Time ———SsSCSC~C~C~‘~ir St J | - | WT -]f P-L ol-fo | 
[12 [Non- Maxed Address Vaid Timeto™ ‘| tay [20] —| mo] —|15| — | 7 ]— | rs 
[7 [Read Data Sewptime——SSSSSSSCS~*i Cts | OP - P OP- pol -|ol— fos 
[18 JRead BataHoid time ——SSSSCSCSCS~*s Stn J 1 | - | | - | Of - [Ol] | 
[19 |Wite Data Delay Time _———SSSSS*d tow | - | — | mo] — Po] — || ns 
[21 [WiiteDataHodTime SSC tow] -] ]-fm]-|ol-lo, 
[22 [Mixed Address Vaid Tine ERB ———*it tam J 00] — | wo] - ret — | wf — | os 
[24 [Maxed Address Vaid Timeto AS Far _———=«dt‘twsu | | | | —| 0] -][o]-|rs] 
[ [Maxed Address Wold Time ——sssSsC‘“‘~ir A CT OT | OL - | OL - | ol] 
[28 [Belay Time. Eto AS ise” _——SSSSCSCSC~*dt=Ctw for] — JO] — foo] — [aor] — | ns | 
[27 [Pulse width AS High” _——SSSSSCSC«*t Pasa] 220 | — | 70] — | Oo] - [10] — | os | 
B [Delay Time, AStoF Ase ———S~i sage | | | mo] - | o};-|e]—| ns 
JUsable Access Times _——=—=Ss=~=~“—~*~*~*~S~*S Ste «ww | — | aos | — | gO] — fom] — | os | 


“At specified cycle time. 

**taASpD Parameters listed assume external TTL clock drive with 50 % +5 % duty cycle. Devices driven by an external TTL clock with 50 % 
+ 1 % duty cycle or which use a crystal have the following tasp specifications : 100 ns min. (1.0 MHz devices) ,80 ns min. (1.25 MHz de- 
vices), 65 ns min. (1.5 MHz devices), 50 ns min. (2.0 MHz devices). 


FIGURE 6 — BUS TIMING 


<< i, ee amas 
10S, ® a © 


ine CUOCON: ee 0.0 
(Non-Muxed) | OXXXKKX X |i XA 


beaten ® 
© 


md” RR} — CT 


Muxed 





Write Data Muxed 


@ 
oS . 
nr TR 


om, OF OF te 
o— 
o- “Gre 


Strobe (AS) 


NOTES: 
1. Voltage levels shown are V| <0.5 V, VH22.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V-and 2.0 V, unless otherwise specified. 
3. Usable access time is computed by: 12+ 3— 17+ 4. 


4. Memory devices should be enabled only during E high to avoid Port 3 bus contention. 
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FIGURE 7 — CMOS LOAD 


Test Point 1 
T 30 pF 





FIGURE 8 — TIMING TEST LOAD PORTS 1, 2, 3, 4 


Vcc 


Ri 1.8 k2 


1N916 
or Equiv. 


Test Point 


1N4148 
or Equiv. 


C=90 pF for P30-P37, P40-P47, E, SC1, SC2 
= 30 pF for P10-P17, P20-P24 

R =37.kQ for P40-P47, E, SC1, SC2 
= 24 kQ for P10-P17, P20-P24 
= 24 kQ. for P30-P37 


INTRODUCTION 


The EF 6801 is an 8-bit monolithic microcomputer which 
can be configured to function in a wide variety of applica- 
tions. The facility which provides this extraordinary flexibility 
is its ability to be hardware programmed into eight different 
operating modes. The operating mode controls the con- 
figuration of 18 of the 40 MCU pins, available on-chip 
resources, memory map, location (internal or external) of in- 
terrupt vectors, and type of external bus. The configuration 
of the remaining 22 pins is not dependent on the operating 
mode. 

Twenty-nine pins are organized as three 8-bit ports and 
one 5-bit port. Each port consists of at least a Data Register 
and a write-only Data Direction Register. The Data Direction 
Register is used to define whether corresponding bits in the 
Data Register are configured as an input (clear) or output 
(set). 
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The term ‘“‘port,”” by itself, refers to all of the hardware 
associated with the port. V/hen the port is used as a ‘‘data 
port” or “I/O port,’’ it is controlled by the port Data Direc- 
tion Register and the programmer has direct access to the 
port pins using the port Data Register. Port pins are labled as 
Pij where i identifies one of four ports and j indicates the par- 
ticular bit. 

The Microprocessor Unit (MPU) is an enhanced EF 6800 
MPU with additional capabilities and greater throughput. It is 
upward source and object code compatible with the 
EF6800. The programming model is depicted in Figure 9, 
whereAccumulator D is a concatenation of Accumulators A 
and B. A list of new operations added to the 6800 instruc- 
tion set are shown in Table 1. 

The EF6803 can be considered an EF6801 that operates 
in Modes 2 and 3 only. 
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FIGURE 9 — PROGRAMMING MODEL 


A . 8-Bit Accumulators A and B 
Or 16-Bit Double Accumulator D 





15 Xx Of Index Register (X) 
15 SP OF Stack Pointer (SP) 
15 PC O} Program Counter (PC) 


7 0 
papal inizivfc. Condition Code Register (CCR) 


Carry/ Borrow from MSB 
Overflow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 





OPERATING MODES 


The EF6801 provides eight different operating modes Non-Multiplexed is Mode 5 and the remaining five are Ex- 
(Modes 0 through 7), the EF6803 provides two operating panded Multiplexed modes. Table 2 summarizes the 
modes (Modes 2 and 3). The operating modes are hard- characteristics of the operating modes. 
ware selectable and determine the device memory map, the 
configuration of Port 3, Port 4,SC1, SC2, and the physical EF6801 Single-Chip Modes (4,7) 


location of the interrupt vectors. In the Single-Chip Mode, the four MCU ports are con- 


figured as parallel input/output data ports, as shown in 
Figure 10. The MCU functions as a monolithic microcom- 


FUNDAMENTAL MODES puter in these two modes without external address or data 

The eight operating modes can be grouped into three fun- buses. A maximum of 29 !/O lines and two Port 3 control 
damental modes which refer to the type of bus it supports: lines are provided. Peripherals or another MCU can be inter- 
Single Chip, Expanded Non-Multiplexed, and Expanded faced to Port 3in a loosely coupled dual processor configura- 
Multiplexed. Single chip modes include 4 and 7, Expanded tion, as shown in Figure 11. 


TABLE 1 — NEW INSTRUCTIONS 










Description 
Unsigned addition of Accumulator B to Index Register 






Adds (without carry) the double accumulator to memory and leaves the sum in the double accumulator 
ASLD or LSLD/Shifts the double accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C-bit 
Branch if Higher or Same; unsigned conditional branch (same as BCC) 






Branch if Lower; Unsigned conditional branch (same as BCS) 







Branch Never 
Additional addressing mode: direct 





Loads double accumulator from memory 


Shifts memory or accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C-bit (same as 
ASL) 


Shifts the double accumulator right (towards LSB) one bit; the MSB is cleared and the LSB is shifted into the C-bit 
Unsigned multiply; multiplies the two accumulators and leaves the product in the double accumulator 








Pushes the Index Register to stack 






Pulls the Index Register from stack 
Stores the double accumulator to memory 







Subtracts memory from the double accumulator and leaves the difference in the double accumulator 





Internal processing modified to permit its use with any conditional branch instruction 
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In Single-Chip Test Mode (4), the RAM responds to 
$XX80 through $XXFF and the ROM is removed from the in- 
ternal address map. A test program must first be loaded into 
the RAM using modes 0, 1, 2, or 6. If the MCU is Reset and 
then programmed into Mode 4, execution will begin at 
SXXFE:XXFF. Mode 5 can be irreversibly entered from Mode 
4 without asserting RESET by setting bit 5 of the Port 2 Data 
Register. This mode is used primarily to test Ports 3 and 4 in 
the Single-Chip and Non-Multiplexed Modes. 


EF6801 Expanded Non-Multiplexed Mode (5) 

A modest amount of external memory space is provided in 
the Expanded Non-Muitiplexed Mode while significant on- 
chip resources are retained. Port 3 functions as an 8-bit 


bidirectional data bus and Port 4 is configured initially 
as an input data port. Any combination of the eight least- 
significant address lines may be obtained by writing to the 
Port 4 Data Direction Register. Stated alternatively, any 
combination of AO to A7 may be provided while retaining the 
remainder as input data lines. Internal pullup resistors pull 
the Port 4 lines high until the port is configured. 


Figure 12 illustrates a typical system configuration in the 
Expanded Non-Multiplexed Mode. The MCU interfaces 
directly with 6800 family parts and can access 256 bytes of 
external address space at $100 through $1FF. IOS provides 
an address decode of external memory ($100-$1FF) and can 
be used as a memory page select or chip select line. 


TABLE 2 —SUMMARY OF EF6801/03 OPERATING MODES 






Common to all Modes: 
Reserved Register Area 
Port 1 
Port 2 
Programmable Timer 





Single Chip Mode 7 










SC2 is Read/Write (R/W) 






SC2 is Read/Write (R/W) 
Test Modes 0 and 4 






Serial Communications Interface 


128 bytes of RAM; 2048 bytes of ROM 
Port 3 is a parallel |/O port with two contro! lines 
Port 4 is a parallel |/O port 
SC1 is Input Strobe 3 (iS3)__ 
SC2 is Output Strobe 3 (OS3) 
Expanded Non-Multiplexed Mode 5 
128 bytes of RAM; 2048 bytes of ROM 
256 bytes of external memory space 
Port 3 is an 8-bit data bus 
Port 4 is an input port/address bus 
SC1 is Input/Output Select (IOS) 


Expanded Multiplexed Modes 1, 2, 3, 6* 
Four memory space options (64K address space): 
(1) No internal RAM or ROM (Mode 3) 
(2) Internal RAM, no ROM (Mode 2) 
(3) Internal RAM and ROM (Mode 1) 
(4) Internal RAM, ROM with partial address bus (Mode 6) 
Port 3 is a multiplexed address/data bus 
Port 4 is an address bus (inputs/address in Mode 6) 
SC1 is Address Strobe (AS) 


Expanded Multiplexed Test Mode 0 

May be used to test RAM and ROM 
Single Chip and Non-Multiplexed Test Mode 4 
(1) May be changed to Mode 5 without going through Reset 
(2) May be used to test Ports 3 and 4 as 1/0 ports 










































*The EF6803 operates only in modes 2 and 3 
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FIGURE 10 — SINGLE-CHIP MODE FIGURE 11 — SINGLE-CHIP DUAL PROCESSOR CONFIGURATION 


XTAL 1 


ss 
EXTAL2 


Vcc Standby Vcc Standby 
RESET RESET 


EF6801 


Port 1 Port 3, 81/0 Lines 
81/0 
Lines 


Port 1 Port 3 


8 1/0 Lines 8 1/0 Lines 
iS3 


O83 


Port 2 
5 1/0 Lines 
Serial 1/O 
16-Bit Timer 


Port 2 
5 1/0 Lines 
scl 
16-Bit Timer Port 2 
5 1/0 Lines 
SCI 
16-Bit Timer 


Port 4 
8 1/0 Lines 





FIGURE 12 — EXPANDED NON-MULTIPLEXED CONFIGURATION 












Vcc Voc 
E 
Lie a ee SaaS ees 
_ Ce OTS 5 Ae Oi EE =a 
; 10S 
Voc Standby ROA Voc Standby SD ai ie eae ED in 
RESET pla : 
RESET EF6801 pretty 
Port 1 Port 3 
8 1/0 Lines 8 Data Lines Port 1 
R/W 81/0 
Port 2 = 
51/0 10S Port 2 
Lines Port 4 51/0 
Serial 1/0 To 8 scl 
16-Bit Timer Address Lines Timer 


Vss 
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Expanded-Multiplexed Modes (0, 1, 2, 3, 6) 

A 64K byte memory space is provided in the expanded 
multiplexed modes. In each of the expanded multiplexed 
modes Port 3 functions as a time multiplexed address/data 
bus with address valid on the negative edge of Address 
Strobe (AS), and data valid while E is high. In Modes 0 to 3, 
Port 4 provides address lines A8 to A15. In Mode 6, however, 
Port 4 initially is configured at RESET as an input data port. 
The port 4 Data Direction Register can then be changed to 
provide any combination of address lines, A8 to A15. Stated 
alternatively, any subset of A8 to A15 can be provided while 
retaining the remaining port 4 lines as input data lines. Inter- 
nal pullup resistors pull the Port 4 lines high until software 
configures the port. 

In Mode 0, the Reset vector is external for the first two 
E-cycles after the positive edge of RESET, and internal 
thereafter. In addition, the internal and external data buses 
are connected so there must be no memory map overlap in 
order to avoid potential bus conflicts. Mode O is used 
primarily to verify the ROM pattern and monitor the internal 
data bus with the automated test equipment. 

Only the EF6801 can operate in each of the expanded 
multiplexed modes. The EF6803 operates only in Modes 2 
and 3. 

Figure 13 depicts a typical configuration for the Expanded- 


rr nn SS SS ae 


Multiplexed Modes. Address Strobe can be used to control a 
transparent D-type latch to capture addresses AO-A/7, as 
shown in Figure 14. This allows Port 3 to function as a Data 
Bus when E is high. 


PROGRAMMING THE MODE 

The operating mode is determined at RESET by the levels 
asserted on P22, P21, and P20. These levels are latched into 
PC2, PC1, and PCO of the program control register on the 
positive edge of RESET. The operating mode may be read 
from the Port 2 Data Register as shown below, and program- 
ming levels and timing must be met as shown in Figure15. A 
brief outline of the operating modes is shown in Table 3. 


PORT 2 DATA REGISTER 


7 6 5 4 3 2 1 0 
om 


Circuitry to provide the programming levels is dependent 
primarily on the normal system usage of the three pins. If 
configured as outputs, the circuit shown in Figure 16 may be 
used; otherwise, three-state buffers can be used to provide 
isolation while programming the mode. 


TABLE 3 — MODE SELECTION SUMMARY 





Legend: Notes: 
| — Internal 

E — External 

MUX — Multiplexed 
NMUX — Non-Multiplexed 
L — Logic “0” 

H — Logic “1” 








1, 2, and 3 


Interrupt Bus Operating 
Vectors Mode Mode 










| tt Single Chip 
Multiplexed/Partial Decode 


NMux(5, 6) Non-Multiplexed/ Partial Decode 


mux'4) Multiplexed/No RAM or ROM 
mux'4) Multiplexed/RAM 
Multiplexed/RAM & ROM 


Multiplexed Test 






mMux'4) 





(1) Internal RAM is addressed at $XX80 
(2) Internal ROM is disabled 
(3) RESET vector is external for 2 cycles after RESET goes high 

(4) Addresses associated with Ports 3 and 4 are considered externa! in Modes O, 


(5) Addresses associated with Port 3 are considered external in Modes 5 and 6 


(6) Port 4 default is user data input; address output is optional by writing to Port 4 
Data Direction Register 


*The EF6803 operates only in Modes 2 and 3 
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FIGURE 13 — EXPANDED MULTIPLEXED CONFIGURATION 
Vcc 






XTAL1 








EXTAL2 





Vcc Standby 
RESET 








EF6801 
EF6803 







Port 1 ac. 
ace ines 
8 1/0 Lines y Multiplexed Data/Address 
Port 2 
‘ P 
5 1/0 Lines 8 nee 
Serial 1/0 Address Bus 
16-Bit Timer 
Vss 
Vcc 





Data Bus 


XTAL1 
(DO-D7) 









EXTAL2 





Address Bus 
(AO-A15) 


R/W. 






Vcc Standby 






EF6801 
EF6803 








E 


Port 1 
81/0 


Port 2 
5 1/0 
SCI 
Timer 


NOTE: To avoid data bus (Port 3) contention in the expanded multiplexed modes, memory devices should be enabled only during E high time. 


FIGURE 14 — TYPICAL LATCH ARRANGEMENT 


GND 
AS 
Port 3 74LS373 ; 
Address/Data (Typical) Address: Ag-A7 





Data: Dg-07 
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FIGURE 15 — MODE PROGRAMMING TIMING 


See Figure 16 
for Diode Arrangement 


RESET 
VMPDD 







VMPL 


Mode Latch 
| Level 


(P20, P21, P22) 


—_— «oe ow 


Mode Inputs 


(P20, P21, P22) RESET 





T Low Pulse Width 
Mode Programming Setup Time 


Mode Programming Hold Time 
RESET Rise Time=1 ys 
RESET Rise Time<1 ys 





*For Ta =—40°C to + 105°C, ViypL= 1.7 V. 


FIGURE 16 — TYPICAL MODE PROGRAMMING CIRCUIT 


ie ae ee eee 
P20 P20 (PCO) 
- Re 02e E ae eo 
ae i es ae 


P22 (PC2) 


Mode 
Control EF6801 


1 Y r Switches EF6803 





Notes: 
1. Mode 7 as shown 
2. .R2eC = Reset time constant 
3. Ry=10 k (typical) 
4. D= 1N914, 1N4001 (typical) = 
5. Diode V¢ shouid not exceed VpyPpD min. 


MEMORY MAPS 


The 6801 Family can provide up to 64K byte address The first 32 locations of each map are reserved for the inter- 
space depending on the operating mode. A memory map for nal register area, as shown in Table 4, with exceptions as in- 
each operating mode is shown in Figure 17. dicated. 
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FIGURE 17 — EF6801/03 MEMORY MAPS (Sheet 1 of 3) 


. EF6801 EF6801 
Multiplexed- Test Mode hicde 0 Mode 


$0000! 1) Multiplexed/ RAM and ROM 
Internal Registers 00001) 


$001F Yi Internal Registers 
External Memory Space S001F Li 


External Memory Space 


carat ree ome 


External Memory Space External Memory Space 


$F800 7 
Internal ROM YY Internal ROM 
SFFEF Yi 


SFFFFI2) ZA ? internal interrupt Vectors!2) S$FFFO Ld External Interrupt Vectors 
SFFFF 


NOTES: 
1) Excludes the following addresses which may be NOTES: 


used externally: $04, $05, $06, $07, and SOF. 1) Excludes the following addresses which may be 
2) Addresses $FFFE and $FFFF are considered used externally: $04, $05, $06, $07, and SOF. 

external it accessed within. two cycles: after 3 2) Internal ROM addresses $FFFO to $FFFF are not 

positive edge of RESET and internal at all other usable 

times. 


3) After two MPU cycles, there must be no over- 
lapping of internal and external memory spaces 
to avoid driving the data bus with more than one 
device. 

4) This mode is the only mode which may be used 
to examine the interrupt vectors in internal ROM 
using an external RESET vector. 
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FIGURE 17 — EF6801/03 MEMORY MAPS (Sheet 2 of 3) 


EF6801 
EF6803 EF6801 4 
Mode Mode 


Multiplexed/No RAM or ROM Single-Chip Test 


$0000! 1) $0000 


Internal Registers } Internal Registers 
: . Int | Regist oer ae 
nternal Registers 


EF6801 
EF6803 , 
Mode 





Multiplexed/ RAM 


$001F 


External Memory Space 
$0080 


Internal RAM 
SOOFF 


External Memory Space Unusable (1)(4) 


External Memury Space 


$FFFO External Interrupt Vectors 
External Interrupt Vectors SFFFF SXXFF 
SFFFF 


Sey $XX80 } internal RAM 


Internal Interrupt Vectors 


NOTES: NOTES: NOTES: 
1) Excludes the following addresses which may be 1) Excludes the following addresses which may be 1) The internal ROM is disabled. 
used externally: $04, $05, $06, $07, and SOF. used externally: $04, $05, $06, $07, and SOF. 2) Mode 4 may be changed to Mode 5 without hav- 
ing to assert RESET by writing a one into the 
PCO bit of the port 2 data register. 
Addresses A8 to A15 are treated as ‘don’t cares’ 
to decode internal RAM. 


Internal RAM will appear at $XX80 to $XXFF. 
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Ob/GL 


$0000t1) 


EF6801 
Mode 


Non-Multiplexed/ Partial Decode 


} Internal Registers 


$001F 
Unusable 
$0080 


Internal RAM 
SOOFF 


$0100 
External Memory Space 


SO1FF 


Unusable 


$F800 Ye 


Internal ROM 


SFFFF Yl Internal Interrupt Vectors 


NOTES: 
1) Excludes the following addresses which may not 
be used externally: $04, $06, and SOF (no 1OS). 


2) This mode may be entered without going 

through RESET by using mode 4 and subse 
quently writing a one into the PCO bit of the port 
2 data register. 
Address lines AO to A7 will not contain addresses 
until the data direction register for port 4 has 
been written with ones in the appropriate bits. 
These address lines will assert ones until made 
outputs by writing the data direction register. 
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FIGURE 17 — EF6801/03 MEMORY MAPS (Sheet 3 of 3) 


EF6801 
Mode 


Multiplexed/ Partial Decode 


Internal Registers 


External Memory Space 


Internal RAM 


External Memory Space 


Internal ROM 





SFFFF 


NOTES: 
1) Excludes the following addresses which may be 
used externally: $04, $06, and SOF. 


2) Address lines A8-A15 will not contain addresses 
until the data direction register for port 4 has 
been written with ones in the appropriate bits. 
These address lines will assert ones until made 
outputs by writing the data direction register. 


Internal Interrupt Vectors 


EF6801 
Mode 


Single Chip 


$0000 


} Internal Registers 
$001F 





Unusable 
$0080 


} Internal RAM 
SOOFF 


Unusable 


$F800 Yf 
Internal ROM 
SFFFF Vl Internal Interrupt Vectors 
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EF6801/03 INTERRUPTS 


The 6801 Family supports two types of interrupt re- 
quests: maskable and non-maskable. A Non-Maskable Inter- 
rupt (NMI) is always recognized and acted upon at the com- 
pletion of the current instruction. Maskable interrupts are 
controlled by the Condition Code Register |-bit and by in- 
dividual enable bits. The I-bit controls ‘all maskable inter- 
rupts. Of the maskable interrupts, there are two types: |RQ1 
and IRQ2. The Programmable Timer and Serial Communica- 
tions Interface use an internal IRQ2 interrupt line, as shown 
in Figure 1. External devices (and 1S3) use TROT. An |RQ1 in- 
terrupt is serviced before IRQ2 if both are pending. . 

All IRQ2 interrupts use hardware prioritized vectors. The 
single SCI interrupt and three timer interrupts are serviced in 
a prioritized order and each is vectored to a separate loca- 
tion. All interrupt vector locations are shown in Table 5. 

The Interrupt flowchart is depicted in Figure 18 and is 
common to every interrupt excluding reset. During interrupt 
servicing the Program Counter, Index Register, A Ac- 
cumulator, B Accumulator, and Condition Code Register are 
pushed to the stack. The I-bit is set to inhibit maskable inter- 
rupts and a vector is fetched corresponding to the current 
highest priority interrupt. The vector is transferred to the 
Program Counter and instruction execution is resumed. In- 
terrupt and RESET timing are illustrated in Figures 19 and 20. 


FUNCTIONAL PIN DESCRIPTIONS 


Vcc AND Vss 

VCC and VSS provide power to a large portion of the 
MCU. The power supply should provide +5 volts (+ 5%) to 
Vcc, and Vss should be tied to ground. Total power 
dissipation (including Vcc Standby), will not exceed Pp 
milliwatts. 


Vcc STANDBY 

Vcc Standby provides power to the standby portion ($80 
through $BF) of the RAM and the STBY PWR and RAME 
bits of the RAM Control Register..Voltage requirements de- 
pend on whether the device is in a powerup or powerdown 
state. In the powerup state, the power supply should provide 
+5 volts (+5%) and must reach Vspg volts before RESET 
reaches 4.0 volts. During powerdown, Vcc Standby must 
remain above VspB (min) to sustain the standby RAM and 
STBY PWR bit. While in powerdown operation, the standby 
current will not exceed IspB. 


It is typical to power both Vcc and Vcc Standby from the 
same source during normal operation. A diode must be used 
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between them to prevent supplying power to Vcc during 
powerdown operation. Vcc Standby should be tied to 
ground in Mode 3. 


TABLE 4 — INTERNAL REGISTER AREA 


00 


Port 1 Data Direction Register °** 


















Port 2 Data Direction Register °°° 01 
Port 1 Data Register 02 
Port 2 Data Register 03 





















Port 3 Data Direction Register’”* 
Port 4 Data Direction Register ””” 
Port 3 Data Register 

Port 4 Data Register 


Timer Control and Status Register 
Counter (High Byte) 
Counter (Low Byte) 
Output Compare Register (High Byte) 


Output Compare Register (Low Byte) 
Input Capture Register (High Byte) 
Input Capture Register (Low Byte) 
Port 3 Contro! and Status Register 









Rate and Mode Control Register 
Transmit/Receive Control and Status Register 
Receive Data Register 

Transmit Data Register 


RAM Control Register 
Reserved 


“External addresses in Modes 0, 1, 2, 3, 5, 6; cannot be accessed 
in Mode 5 (No IOS) 
**External addresses in Modes 0, 1, 2, 3 
***1= Output, 0= Input 


TABLE 5 — MCU INTERRUPT VECTOR LOCATIONS 
MsB | LSB | 
eee | rrr | 
reec | FeO | 
rer 


ICF (Input Capture)* 


TOF (Timer Overflow)* 
SCI (RDRF + ORFE+ TDRE)* 
*IRQ2 Interrupt 


FFFS 

FFF | 

|FFF4 | FFFS | OCF (Output Compare)* 
FFF2 | FFF3 | 

|FFFO 








aga 
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FIGURE 18 — INTERRUPT FLOWCHART 


ITMP > | 


Stack Machine State 
PC, X, A, B, CC 


Condition Code Register 





; 
Y 
Y 
Y 
Y 


WAI 


> iTMe SCl= TIE@TORE + RIE@(RDRF + ORFE) 










Vector -j> PC 


nmi | FFFC:FFFD | Non-Maskable Interrupt 

| SWi | _FFFA:FFFB | Software Interrupt 

| iRQ1 | FFFS-FFFO | Maskable Interrupt Request 1 

Input Capture Interrupt 

| OCF | | FFFA:FFFS | Output Compare Interrupt 

Timer Overflow Interrupt 

SCI Interrupt (TORE + RORF + ORFE} 
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FIGURE 19 — INTERRUPT SEQUENCE 


#11 #12 






































Cycle 
Last Instruction #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 


Pas ey ee ee ee de ee ee te a ee ee 


1-Bit Set 


| ! 
i Ca) Cl) CD a ee Se Ca i Ce ie CD Ge Gas Gay Gams 


Op Code Op Code SP(n) SP(n-1) SP(n-2) SP(n-3) SP(n-4) SP(n-5) SP(n-6) SP(n-7) Vector Vector New PC 





Addr Addr + 1. MSB Addr LSB Addr Address 
IRQ1 
—| -trcs 
NMI or IRQ2 
—>| }—tPcs 

Internal 

Data Bus ; 

Op Code Op Code PCO0O-7 PC8-15 X0O-7 X 8-15 ACCA ACCB CCR irrelevant Vector Vector First Inst. of | 
+4 Data MSB _sLSB__Interrupt Routine 

Internal R/W 


FIGURE 20 — RESET TIMING 


E NII MW LILI, Bases eeeegee 
——— 5.25 V 
Voc Peas a “ 
<< $4 ——trc tpcs tPCS 
Address Bus . 
FFFE FFFE FFFE FFFE 


FFFE ‘‘FFFE FFFF New PC 


RAO OaMIN \NNNNANUNNNNNAAAANUANNUNNURUUUUIANUERUUUUANUENLLY GHD GD GED GHD GED GHD G1. GHD GED, Gl 


PC 8-15 PCO-7_ First 
ANY Not Valid 





RESET 


Instruction 
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XTAL1 AND EXTAL2 


These two input pins interface either a crystal or TTL com- 
patible clock to the MCU internal clock generator. Divide-by- 
four circuitry is included which allows use of the inexpensive 
3.58 MHz or 4.4336 MHz Color Burst TV crystals. A 20 pF 
capacitor should be tied from each crystal pin to ground to 
ensure reliable startup and operation. Alternatively, EXTAL2 
may be driven by an external TTL compatible clock at 4fo 
with a duty cycle of 50% (+5%) with XTAL1 connected to 
ground. 

The internal oscillator is designed to interface with an AT- 
Cut quartz crystal resonator operated in parallel resonance 
mode in the frequency range specified for fytTaL. The 
cryStal should be mounted as close as possible to the input 
pins to Minimize output distortion and startup stabilization 
time.” The MCU is compatible with most commercially 
available crystals. Nominal crystal parameters are shown in 
Figure 21. 


RESET 

This input is used to reset the internal state of the device 
and provide an orderly startup procedure. During powerup, 
RESET must be held below 0.8 volts: (1) at least tac after 
Vcc reaches 4.75 volts in order to provide sufficient time for 
the clock generator to stabilize, and (2) until Vcc Standby 
reaches 4.75 volts. RESET must be held low at least three 
E-cycles if asserted during powerup operation. 


E (ENABLE) 


This is an output clock used primarily for bus synchroniza- 
tion. It is TTL compatible and is the slightly skewed divide- 
by-four result of the device input clock frequency. It will 
drive one Schottky TTL load and 90 pF, and all data given in 
cycles is referenced to this clock unless otherwise noted. 


NMI (NON-MASKABLE INTERRUPT) 


An.NMi negative edge requests an MCU interrupt se- 
quence, but the current instruction will be completed before 
it responds to the request. The MCU will then begin an inter- 
rupt sequence. Finally, a vector is fetched from $FFFC and 
SFFFD, transferred to the Program Counter and instruction 
execution is resumed. NMI typically requires a 3.3 kQ 
(nominal) resistor to Vcc. There is no internal NMI pullup 
resistor. NMI must be held low for at least one E-cycle to be 
recognized under all conditions. 


1RQ1 (MASKABLE INTERRUPT REQUEST 1) 


IRQ1 is a level-sensitive input which can be used to re- 
quest an interrupt sequence. The MPU will complete the cur- 
rent instruction before it responds to the request. If the inter- 
rupt mask bit (|-bit) in the Condition Code Register is clear, 
the MCU will begin an interrupt sequence. A vector is fetch- 
ed from $FFF8 and $FFF9, transferred to the Program 
Counter, and instruction execution is resumed. 

IRQ1 typically requires an external 3.3 kQ (nominal) 
resistor to Vcc for wire-OR applications. [R01 has no inter- 
nal pullup resistor. 


SC1 AND SC2 (STROBE CONTROL 1 AND 2) 


The function of SC1 and SC2 depends on the operating 
mode. SC1 is configured as an output in all modes except 
single chip mode, whereas SC2 is always an output. SC1 
and SC2 can drive one Schottky load and 90 pF. 
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SC1 and SC2 In Single-Chip Mode 


In Single-Chip Mode, SC1 and SC2 are configured as an 
input and output, respectively, and both function as Port 3 
control lines. SC1 functions as 1S3 and can be used to in- 
dicate that Port 3 input data is ready or output data has been 
accepted. Three options associated with 153 are controlled 
by Port 3 Control and Status Register and are discussed in 
the Port 3 description. If unused, 1S3 can remain uncon- 
nected. 

SC2 is configured as OS3 and can be used to strobe out- 
put data or acknowledge input data. It is controlled by Out- 
put Strobe Select (OSS) in the Port 3 Control and Status 
Register. The strobe is generated by a read (OSS=0) or 
write (OSS =1) to the Port 3 Data Register. OS3 timing is 
shown in Figure 4. 


SC1 And SC2 In Expanded Non-Multiplexed Mode 

In the Expanded Non-Multiplexed Mode, both SC1 and 
SC2 are configured as outputs. SC1 functions as Input/Out- 
put Select (IOS) and is asserted only when $0100 through 
$01FF is sensed on the internal address bus. 

SC2 is configured as Read/Write and is used to control 
the direction of data bus transfers. An MPU read is enabled 
when Read/Write and E are high. 


SC1 And SC2 In Expanded Multiplexed Mode 

In the Expanded Multiplexed Modes, both SC1 and SC2 
are configured as outputs. SC1 functions as Address Strobe 
and can be used to demultiplex the eight least significant ad- 
dresses and the data bus. A latch controlled by Address 
Strobe captures address on the negative edge, as shown in 
Figure 14. 

SC2 is configured as Read/Write and is used to control 
the direction of data bus transfers. An MPU read is enabled 
when Read/Write and E are high. 


P10-P17 (PORT 1) 


Port 1 is a mode independent &-bit |/O port with each line 
an input or output as defined by the Port 1 Data Direction 
Register. The TTL compatible three-state output buffers can 
drive one Schottky TTL load and 30 pF, Darlington tran- 
sistors, or CMOS devices using external pullup resistors. It is 
configured as a data input port by RESET. Unused lines can 
remain unconnected. 


P20-P24 (PORT 2) 


Port 2 is a mode-independent, 5-bit, multipurpose I/O port. 
The voltage levels present on P20, P21, and P22 on the rising 
edge of RESET determine the operating mode of the MCU. 
The entire port is then configured as a data input port. The 
Port 2 lines can be selectively configured as data output lines 
by setting the appropriate bits in the Port 2 Data Direction 
Register. The Port 2 Data Register is used to move data 
through the port. However, if P21 is configured as an out- 
put, it will be tied to the timer Output Compare function and 
Cannot be used to provide output from the Port 2 Data 
Register. 

Port 2 can also be used to provide an interface for the 
Serial Communications Interface and the timer Input Edge 
function. These configurations are described in the Pro- 
grammable Timer and Serial Communications Interface. 
(SCI) section. 

The Port 2 three-state, TTL-compatible output buffers are 
capable of driving one Schottky TTL load and 30 pF, or 
CMOS devices using external pullup resistors. 


PORT 2 DATA REGISTER 


(OR, SR, 
om 
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FIGURE 21—6801 FAMILY OSCILLATOR CHARACTERISTICS 


(a) Nominal Recommended Crystal! Parameters 


Nominal Crystal Parameters* 


_——_—_|__ 3.68 Mi _| 4.00 Mite | S.0MHz | 6.0MHz | 80MHz _ | 


30-50 2 30-50 2 20-40 2 
ie z i . 4-6 pF 4-6 pF 4-6 pF 


0.015 pF 0.025 pF 0.01-0.02 pF 0.01-0.02 pF 0.01-0.02 pF 
>40 K >30 K >20 K >20 K >20 K 





*NOTE: These are representative AT-cut crystal parameters only. Crystals of other 
types of cut may also be used. 


EF6801 


CL CL 2 3 


Al 


C_ = 20 pF (typical) ep 


Equivalent Circuit 


(b) Oscillator Stabilization Time (tr) 


4.75 V J 
Vcc 
JUL uU- 
RESET 
08Vv 
tac 
Oscillator 
Stabilization 
Time, tac 
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P30-P37 (PORT 3) 

Port 3 can be configured as an |/O port, a bidirectional 
8-bit data bus, or a multiplexed address/data bus depending 
on the operating mode. The TTL compatible three-state out- 
put buffers can drive one Schottky TTL load and 90 pF. 
Unused lines can remain unconnected. 


Port 3 In Single-Chip Mode 

Port 3 is an 8-bit 1/0 port in the Single-Chip Mode, with 
each line configured by the Port 3 Data Direction Register. 
There are also. two lines, 1S3 and OS3, which can be used to 
control Port 3 data transfers. 

Three Port 3 options are controlled by the Port 3 Control 
and Status Register and are available only in Single-Chip 
Mode: (1) Port 3 input data can be latched using 1S3 as a 
control signal, (2) OS3 can be generated by either an MPU 
read or write to the Port 3 Data Register, and (3) an IRQ1 in- 
terrupt can be enabled by an !S3 negative edge. Port 3 latch 
timing is shown in Figure 5. 





PORT 3 CONTROL AND STATUS REGISTER 





7 6 5 4 3 2 1 0 
IS3 
IS3 Latch 
Ena ~ 
nable 





Bit 0-2 
Bit 3 


Not used. 

LATCH ENABLE. This bit controls the 
input latch for Port 3. If set, input data 
is latched by an IS3 negative edge. The 
latch is transparent after a read of the 
Port 3 Data Register. LATCH ENAL- 
BLE is cleared during reset. 

OSS (Output Strobe Select). This bit 
determines whether OS3 will be 
generated by a read or write of the Port 
3 Data Register. When clear, the 
strobe is generated by a read; when 
set, it is generated by a write. OSS is 
‘cleared during reset. 

Not used. 

IS3 IRQ1 ENABLE. When set, an IROT 
interrupt will be enabled whenever IS3 
FLAG is set; when clear, the interrupt 
is inhibited. This bit is cleared during 
reset. 

IS3 FLAG. This read-only status bit is 
set by an IS3 negative edge. It is 
cleared by a read of the Port 3 Control 
and Status Register (with 1S3 FLAG 
set) followed by a read or write to the 
Port 3 Data Register or during reset. 


Bit 4 


Bit 5 
Bit 6 


Bit 7 


Port 3 In Expanded Non-Muitiplexed Mode 

Port 3 is configured as a bidirectional data bus (D7-D0) in 
the Expanded Non-Multiplexed Mode. The direction of data 
transfers is controlled by Read/Write (SC2). Data is clocked 
by E (Enable). 
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Port 3 In Expanded Multiplexed Mode 

Port 3 is configured as a time multiplexed address (A0-A7) 
and data bus (D7-D0) in the Expanded Multiplexed Modes, 
where Address Strobe (AS) can be used to demultiplex the 
two buses. Port 3 is held in a high impedance state between 
valid address and data to prevent bus conflicts. 


P40-P47 (PORT 4) 

Port 4 is configured as an 8-bit 1/O port, as address out- 
puts, or as data inputs depending on the operating mode. 
Port 4 can drive one Schottky TTL load and 90 pF and is the 
only port with internal pullup resistors. Unused lines can re- 
main unconnected. 


Port 4 In Single-Chip Mode 

In Single-Chip Mode, Port 4 functions as an 8-bit I/O port 
with each line configured by the Port 4 Data Direction 
Register. Internal pullup resistors allow the port to directly in- 
terface with CMOS at 5 volt levels. External pullup resistors 
to more than 5 volts, however, cannot be used. 


Port 4 In Expanded Non-Multiplexed Mode 

Port 4 is configured from reset as an 8-bit input port, 
where the Port 4 Data Direction Register can be written to 
provide any or all of eight address lines, AO to A7. Internal 
pullup resistors pull the lines high until the Port 4 Data Direc- 
tion Register is configured. 


Port 4 In Expanded Multiplexed Mode 


In all Expanded Multiplexed modes except Mode 6, Port 4 
functions as half of the address bus and provides A8 to A15. 
In Mode 6, the port is configured from reset as an 8-bit 
parallel input port, where the Port 4 Data Direction Register 
can be written to provide any or all of upper address lines A8 
to A158. Internal pullup resistors pull the lines high until the 
Port 4 Data Direction Register is configured, where bit 0 con- 
trols A8. 


RESIDENT MEMORY 


The EF6801 provides 2048 bytes of on-board ROM and 
128 bytes of on-board RAM. 

One half of the RAM is powered through the Vcc standby 
pin and is maintainable during VCC powerdown. This stand- 
by portion of the RAM consists of 64 bytes located from $80 
through SBF. 

Power must be supplied to Vcc standby if the internal 
RAM is to be used regardless of whether standby power 
operation is anticipated. 

The RAM is controlled by the RAM Control Register. 


RAM CONTROL REGISTER ($14) 

The RAM Control Register includes two bits which can be 
used to control RAM accesses and determine the adequacy 
of the standby power source during powerdown operation. 
it is intended that RAME be cleared and STBY PWR be set 
as part of a powerdown procedure. 
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RAM 
7 6 a 
STBYIRAME| X 


PWR 


Bit 0-5 
Bit 6 RAME 


Bit 7 STBY PWR 


iRQ2 EF6801/EF6803 Internal Bus 
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CONTROL REGISTER PROGRAMMABLE TIMER 
4 3 Z 1 0 
The programmable timer can be used to perform input 
waveform measurements while independently generating an 
output waveform. Pulse widths can vary from several micro- 
seconds to many seconds. A block diagram of the timer is 
Not used. shown in Figure 22. 


RAM Enable. This read/write bit can 
be used to remove the entire RAM 
from the internal memory map. RAME 
is set (enabled) during reset provided 
standby power is available on the posi- 


tive edge of RESET. If RAME is clear, COUNTER ($09:0A) 

any access to a RAM address is exter- The key timer element is a 16-bit free-running counter 
nal. If RAME is set and not in mode 3, which is incremented by E (enable). It is cleared during reset 
the RAM is included in the internal and is read-only with one exception: a write to the counter 
map. ($09) will preset it to $FFF8. This feature, intended for 
Standby Power. This bit is a testing, can disturb serial operations because the counter 
read/write status bit which, when provides the SCI internal bit rate clock. TOF is set whenever 
once set, remains set as long as Vcc the counter contains all ones. 


standby remains above Vspp (mini- 
mum). As long as this bit is set follow- 
ing a period of standby operation, the 
standby power supply has adequately 
preserved the data in the standby 


RAM. If this bit is cleared during a OUTPUT COMPARE REGISTER ($0B:0C) 

period of standby operation, it indi- The output compare register is a 16-bit read/write register 
cates that Vcc standby had fallen to a used to control an output waveform or provide an arbitrary 
level sufficiently below Vspp (mini- timeout flag. It is compared with the free-running counter on 
mum) to suspect that data in the each E cycle. When a match occurs, OCF is set and OLVL is 
standby RAM is not valid. This bit can clocked to an output level register. If port 2, bit 1, is con- 
be set only by software and is not af- figured as an output, OLVL will appear at P21 and the output 
fected during reset. compare register and OLVL can then be changed for the next 


FIGURE 22 — BLOCK DIAGRAM OF PROGRAMMABLE TIMER 
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and OLVL is clocked to an output level register. If Port 2, bit 
1, is configured as an output, OLVL will appear at P21 and 
the Output Compare Register and OLVL can then be 
changed for the next compare. The function is inhibited for 
one cycle after.a write to its high byte ($OB) to ensure a valid 
compare. The Output Compare Register is set to $FFFF at 
RESET. 


INPUT CAPTURE REGISTER ($0D:0E) 

The Input Capture Register is a 16-bit read-only register 
used to store the free-running counter when a ‘proper”’ in- 
put transition occurs as defined by JEDG. Port 2, bit 0 should 
be configured as an input, but the edge detect circuit always 
senses P20 even when configured as an output. An input 
Capture can occur independently of ICF: the register always 
contains the most current value. Counter transfer is in- 
hibited, however, between accesses of a double byte MPU 
read. The input pulse width must be at least two E-cycles to 
ensure an input capture under all conditions. 


TIMER CONTROL AND STATUS REGISTER ($08) 


The Timer Control and Status Register (TCSR) is an 8-bit 
register of which ail bits are readable, while only bits 0-4 can 
be written. The three most significant bits provide the timer 
status and indicate if: 

@ a proper level transition has been detected, 


@ a match has occured between the free-running 
counter and the output compare register, and 


@ the free-running counter has overflowed. 


Each of the three events can generate an IRQ2 interrupt 
and is controlled by an individual enable bit in the TCSR. 


TIMER CONTROL AND STATUS REGISTER (TCSR) 


7 6 56 4 3 2 14 «0 
EICI EocieToI lEDGIOLVL 


Bit 0 OLVL 


$0008 





Output level. OLVL is clocked to the 
output level register by a successful 
output compare and will appear at P21 
if Bit 1 of the Port 2 Data Direction 
Register is set. It is cleared during 
reset. 

Input Edge. IEDG is cleared during 
reset and controls which level transi- 
tion will trigger a counter transfer to 
the Input Capture Register: 

i1EDG =0 Transfer on a negative-edge 
IEDG = 1 Transfer on a positive-edge. 
Enable Timer Overflow Interrupt. 
When set, an IRQ2 interrupt is enabled 
for a timer overflow; when clear, the 
interrupt is inhibited. It is cleared dur- 
ing reset. 

Enable Output Compare 
When set, an IRQ2 interrupt is enabled 
for an output compare; when clear, 
the interrupt is inhibited. It is cleared 
during reset. 


Bit 1 EIDG 


Bit 2 ETO! 


Bit 3 EOCI 


Interrupt. 


THOMSON SEMICONDUCTEURS 


2-29 


Sn mr PNT I VETS SSE SE EE EE I TE TIS EE DT I EEN DEE DEE IE ET EET, I CE DS EE DTS 


Bit 4 EICI Enable Input Capture Interrupt. When 
set, an IRQ2 interrupt is enabled for an 
input capture; when clear, the inter- 
rupt is inhibited. It is cleared during 
reset. 

Timer Overflow Flag. TOF is set when 
the counter contains all 1’s. It is 
cleared by reading the TCSR (with 
TOF set) then reading the counter high 
byte ($09), or during reset. 

Output Compare Flag. OCF is set 
when the Output Compare Register 
matches the free-running counter. It is 
cleared by reading the TCSR (with 
OCF set) and then writing to the Out- 
put Compare Register ($OB or $0C), or 
during reset. 


Input Capture Flag. ICF is set to in- 
dicate a proper level transition; it is 
Cleared by reading the TCSR (with ICF 
set) and then the Input Capture 
Register High Byte ($OD), or during 
reset. 


Bit 5 TOF 


Bit 6 OCF 


Bit 7 ICF 


SERIAL COMMUNICATIONS INTERFACE (SCI) 


A full-duplex asynchronous Serial Communications Inter- 
face (SCI) is provided with two data formats and a variety of 
rates. The SCI transmitter and receiver are functionally in- 
dependent, but use the same data format and bit rate. Serial 
data formats include standard mark/space (NRZ) and Bi- 
phase and both provide one start bit, eight data bits, and one 
stop bit. “Baud” and ‘bit rate’’ are used synonymously in 
the following description. 


WAKE-UP FEATURE 


In a typical serial loop multi-processor configuration, the 
software protocol will usually identify the addressee(s) at the 
beginning of the message. In order to permit uninterested 
MPU’'s to ignore the remainder of the message, a wake-up 
feature is included whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until its data line goes 
idle. An SCI receiver is re-enabled by an idle string of ten 
consecutive 1’s or during reset. Software must provide for 
the required idle string between consecutive messages and 
prevent it within messages. 


PROGRAMMABLE OPTIONS 
The following features of the SCI are programmable: 
®@ format: standard mark/space (NRZ) or Bi-phase 
@ clock: external or internal bit rate clock 


@ Baud: one of 4 per E-clock frequency, or external 
clock (x 8 desired baud) 


@ wake-up feature: enabled or disabled 

@ interrupt requests: enabled individually for trans- 
mitter and receiver 

®@ clock output: internal bit rate clock enabled or dis- 
abled to P22 
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SERIAL COMMUNICATIONS REGISTERS 


The Serial Communications Interface includes four ad- 
dressable registers as depicted in Figure 23. It is controlled 
by the Rate and Mode Control Register and the 
Transmit/Receive Control and Status Register. Data is 
transmitted and received utilizing a write-only Transmit 
Register and a read-only Receive Register. The shift registers 
are not accessible to software. 


Rate and Mode Control Register (RMCR) ($10) 

The Rate and Mode Control Register controls the SCI bit 
rate, format, clock source, and under certain conditions, the 
configuration of P22. The register consists of four write-only 
bits which are cleared during reset. The two least significant 
bits control the bit rate of the internal clock and the remain- 
ing two bits control the format and clock source. 


RATE AND MODE CONTROL REGISTER (RMCR) 


7 6 5 4 3 2 1 0 
s00t0 


nsec a ZA TS PI PE ISIS TT ETT 5a EE TOT IEE EE TE TT TE EE EE SS IS TEL I SES ES EINE EDL LE SLE DET LE IEE EE NTT DOLD LLL, 


Bit 1:Bit O SS1:SSO Speed Select. These two 

bits select the Baud rate when using. 
the internal clock. Four rates may be 
selected which are a function of ihe 

MCU input frequency. Table 6 lists bit 

time and rates for three selected MCU 

frequencies. 

CC1:CCO Clock Control and Format 

Select. These two bits control the for- 

mat and select the serial clock source. 

If CC1 is set, the DDR value for P22 is 

forced to the complement of CCO and 

cannot be altered until CC1 is cleared. 

If CC1 is cleared after having been set, 

its DDR value is unchanged. Table 7 

defines the formats, clock source, and 

use of P22. 

If both CC1 and CCO are set, an external TTL compatible 
clock must be connected to P22 at eight times (8X) the 
desired bit rate, but not greater than E, with a duty cycle of 
50% (+ 10%). If CC1:CCO= 10, the internal bit rate clock is 
provided at P22 regardless of the values for TE or RE. 
NOTE: The source of SCI internal bit rate clock is the timer 

free running counter. An MPU write to the counter 
can disturb serial operations. 


Bit 3:Bit 2 


FIGURE 23 — SCI REGISTERS 
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Rate and Mode Control Register 


Bit O 


cc1 §{ CCO $10 


Transmit/Receive Control and Status Register 
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Receive Data Register 


pot tt fo 


Port 2 (Not Addressabie) 


EB 
Clock 10 Bit Rate 
oe Generator 
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Receive Shift Register 
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Transmit Shift Register 


Bit 12 


pt tt | TT 


Transmit Data Register 
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Transmit/ Receive Control And Status Register Bit 5 TORE Transmit Data Register Empty. TORE 
(TRCSR) ($11) is set when the Transmit Data Register 
The Transmit/Receive Control and Status Register con- is transferred to the output serial shift 
trols the transmitter, receiver, wake-up feature, and two in- register or during reset. It is cleared by 
dividual interrupts and monitors the status of serial opera- reading the TRCSR (with TDRE set) 
tions. All eight bits are readable while bits 0 to 4 are also and then writing to the Transmit Data 
writable. The register is initialized to $20 by RESET. Register. Additional data will be 
transmitted only if TDRE has been 
TRANSMIT/RECEIVE CONTROL AND STATUS cleared. 
REGISTER (TRCSR) Bit 6 ORFE Overrun Framing Error. If set, ORFE in- 
dicates either an overrun or framing er- 
0 ror. An overrun is a new byte ready to 
transfer to the Receiver Data Register 
RORFORFeE|TORE| RIE| RE | TIE | TE | WU] $0011 with RDRF still set. A receiver framing 
error has occurred when the byte 
Bit O WU “Wake-up” on Idle Line. When set, boundaries of the bit stream are not 
WU enables the wake-up function; it is synchronized to the bit counter. An 
cleared by ten consecutive 1's or dur- overrun can be distinguished from a 
ing reset. WU will not set if the line is framing error by the state of RDRF: if 
idle. RDRF is set, then an overrun has oc- 
Bit 1 TE Transmit Enable. When set, P24 DDR curred; otherwise a framing error has 
bit is set, cannot be changed, and will been detected. Data is not transferred 
remain set if TE is subsequently to the Receive Data Register in an 
cleared. When TE is changed from overrun condition. Unframed data 
clear to set, the transmitter is con- causing a framing error is transferred 
nected to P24 and a preamble of nine to the Receive Data Register. 
consecutive 1's is transmitted. TE is However, subsequent data transfer is 
cleared during reset. blocked until the framing error flag is 
Bit 2 TIE Transmit Interrupt Enable. When set, cleared." ORFE is cleared by reading 
an IRQ2 interrupt is enabled when the 1RCSR (with ORFE set) then the 
TDRE is set; when clear, the interrupt Receive Data Register, or during reset. 
is inhibited. TE is cleared during reset. Bit 7 RORF Receive Data Register Full. RDORF is 
Bit 3 RE Receive Enable. When set, the P23 set when the input serial shift register 
DDR bit is cleared, cannot be chang- is transferred to the Receive Data 
ed, and will remain clear if RE is subse- Register. It is cleared by reading the 
quently cleared. While RE is set, the TRCSR (with RDRF set), and then the 
SCI receiver is enabled. RE is cleared Receive Data Register, or during reset. 
during reset. 
Bit 4 RIE Receiver Interrupt Enable. When set, 


an IRQ2 interrupt is enabled when 
RDRF and/or ORFE is set; when clear, 
the interrupt is inhibited. RIE is cleared 
during reset. 


TABLE 6 — SCI BIT TIMES AND RATES 












26 ws/38,400 Baud 
208 ys/4,800 baud 
1.67 ms/600 Baud$ 
6.67 ms/150 Baud 






0 0 
0 1 
1 5 
1 


“Using maximum clock rate 








} sst-sso | Mo— | 24576 MHz | 4.0Mnz 4.9152 MHz 
Pe eta ae OM 12288 Me 


16 ws/62,500 Baud 


128 yws/7812.5 Baud 


1.024 ms/976.6 Baud 
4.096 ms/244.1 Baud 


EXT ra 13.0 ys/76,800 Baud 8.0 ps/125,000 Baud 6.5 ws/ 153,600 Baud 






13.0 ws/76,800 Baud 
104.2 ps/9,600 Baud 
833.3 ys/1,200 Baud 
3.33 ms/300 Baud 








TABLE 7 — SCi FORMAT AND CLOCK SOURCE CONTROL 





Clock Port 2 
| covcce | rome | see | ‘Sra 
Bi-Phase | Internal | Not Used 
NRZ Not Used 
NRZ Output 


NRZ Input 

























Internal 





Internal 





External 
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SERIAL OPERATIONS 


The SCI is initialized by writing control bytes first to the 
Rate and Mode Control Register and then to the 
Transmit/ Receive Control and Status Register. When TE is 
set, the output of the transmit serial shift register is con- 
nected to P24 and serial output is initiated by transmitting a 
9-bit preamble of 1's. 

At this point one of two situations exist: 1) if the Transmit 
Data Register is empty (TDRE = 1), a continuous string of 1’s 
will be sent indicating an idle line, or 2) if a byte has been 
written to the Transmit-Data Register (TDRE=0), it will be 
transferred to the output serial shift register (synchronized 
with the bit rate clock), TDRE will be set, and transmission 
will begin. 

The start bit (0), eight data bits (beginning with bit 0) and a 
stop bit (1), will be transmitted. If TDRE is still set when the 
next byte transfer should occur, 1’s will be sent until more 
data is provided. In Bi-phase format, the output toggles at 
the start of each bit and at half-bit time when a ‘1"’ is sent. 
Receive operation is controlled by RE which configures P23 
as an input and enables the receiver. SC! data formats are il- 
lustrated in Figure 24. 


INSTRUCTION SET 


The EF6801/03 is upward source and object code. . 


compatible with the EF6800. Execution timesof key instruc- 
tions have been reduced and several new instructions have 
been added, including a hardware multiply. A list of new 
operations added to the EF6800 instruction set is shown in 
Table 1. 

In addition, two new special opcodes, 4E and 5E, are pro- 
vided for test purposes. These opcodes force the Program 
Counter to increment like a 16-bit counter, causing address 
lines used in the expanded modes to increment until the 
device is reset. These opcodes have no mnemonics. 

The coding of the first (or only) byte corresponding to an 





executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 82 
instructions in all valid modes of addressing, are shown in 
Table 8. There are 220 valid machine codes, 34 unassigned 
codes, and 2 codes reserved for test purposes. 


PROGRAMMING MODEL 


A programming model for the EF6801/03 is shown 
in Figure 10. Accumulator A can be concatenated with ac- 
cumulator B and jointly referred to as accumulator D where 
A is the most significant byte. Any operation which modifies 
the double accumulator will also modify accumulator A 
and/or B. Other registers are defined as follows: 


Program Counter — The program counter is a 16-bit 
register which always points to the next instruction. 


Stack Pointer — The stack pointer is a 16-bit register 
which contains the address of the next available location in a 
pushdown/pullup (LIFO) queue. The stack resides in ran- 
dom access memory at a location defined by the program- 
mer. 

Index Register — The Index Register is a 16-bit register 
which can be used to store data or provide an address for the 
indexed mode of addressing. 


Accumulators — The MPU contains two 8-bit ac- 
cumulators, A and B, which are used to store operands and 
results from the arithmetic logic unit (ALU). They can also be 
concatenated and referred to as the D (double) accumulator. 


Condition Code Registers — The condition code register 
indicates the results of an instruction and includes the 
following five condition bits: Negative (N), Zero (Z), 
Overflow (V), Carry/Borrow from MSB (C), and Half Carry 
from bit 3 (H). These bits are testable by the conditional 
branch instructions. Bit 4 is the interrupt mask (I-bit) and in- 
hibits all maskable interrupts when set. The two unused bits, 
B6 and B7, are read as ones. 


FIGURE 24—SCI DATA FORMATS 


Output 
Clock 


NRZ 
Format 


Bi-Phase 
Format 


Bit 
Idfe Start 0 


Data: 01001101 ($4D) 
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ADDRESSING MODES 

Six addressing modes can be used to reference memory. 
A summary of addressing modes for all. instructions is 
presented in Tables 9, 10, 11, and 12, where execution times 
are provided in E-cycles. Instruction execution times are 
summarized in Table 13. With an input frequency of 4 MHz, 
E-cycles are equivalent to microseconds. A cycle-by-cycle 
description of bus activity for each instruction is provided in 
Table 14 and a description of selected instructions is shown 
in Figure 25. 


Immediate Addressing — The operand or ‘‘immediate 
byte(s)”’ is contained in the following byte(s) of the instruc- 
tion where the number of bytes matches the size of the 
register. These are two or three byte instructions. 


Direct Addressing — The least significant byte of the 
operand address is contained in the second byte of the in- 
struction and the most significant byte is assumed to be $00. 
Direct addressing allows the user to access $00 through $FF 
using two byte instructions and execution time is reduced by 
eliminating the additional memory access. In most applica- 


se 





tions, the 256-byte area is reserved for frequently referenced 
data. 

Extended Addressing — The second and third oytes of the 
instruction contain the absolute address of the operand. 
These are three byte instrutions. 

Indexed Addressing — The unsigned offset contained in 
the second byte of the instruction is added with carry to the 
Index Register and used to reference memory without 
changing the Index Register. These are two byte instruc- 
tions. 

Inherent Addressing — The operand(s) are registers and 
no memory reference is required. These are single byte in- 
structions. 

Relative Addressing — Relative addressing is used only for 
branch instructions. If the branch condition is true, the Pro- 
gram Counter is overwritten with the sum of a signed single 
byte displacement in the second byte of the instruction and 
the current Program Counter. This provides a branch range 
of — 126 to 129 bytes from the first byte of the instruction. 
These are two byte instructions. 


TABLE 8 — CPU INSTRUCTION MAP 









MNEM MODE 





2 





of MNEM MODE ~ wll op 





Y 


(|oP MNEM MODE ~_ #|[ OP MNEM MODE Ht oP MNEM MODE ~ 





















































# 
3 1) 68 ASL INDXOD 6 ; 9C CPX oR 5 7 SUBB OR 3 ; 
3. 1} 69 ROL 6 2 5 2 re CMPB 32 
3.01 6 4 2|[02 seca 3.2 
3.04 4 2|)03°  aAoood 5 2 
3.01 5 1 4 2{{04 ANODB 32 
3.001 5 1 4 21/05 BITB 3 2 
2 1 3 1 4 21)06 LpaB 3 2 
2 01 Yo 1 6 21/07 STaB 3 2 
3.01 4 4 4 21/08 €ORB 32 
3 1 10 1 4 2}{] 09 AOCB 3.2? 
21 9 #1 4 21!DA  oRAB y 2? 
2 1 12, «1 6 4 2}|08 AODB i d 
2 61 2 1 6 4 2]//0C Loo a? 
2 1 4 2i}o0 sto 4 
2 1 6 3 4 2}] OE LOX 4 é 
21 6 3 4 2;for — stx DIR a 
21 6 3 6 2|}£0 SuBB  INDxD 4 2 
21 6 3 6 2\|/&1  cmPB a3 
6 3 5 21/€2 SBcB 43 
§ 2]}€3 ADDD b 2 
6 3 4 3/}€4 ANODB 4 2 
6 3 4 3/65 ete 4 2 
3. 3 4 3/)&6 LDaB a 2 
6 3 6 31/67 STAB 4 2 
2 2 46 3\/{&8  EORB 4 2 
2 2 4 3{/€9  AocB 4 2 
2 2 4 3//€A  oORAB 4 2 
4 3 4 311€8 AoosB 4 2 
2 2 46 3{!]/€c Loo 5 2 
2 2 4 3/1/60 sto 5 2 
2 2 4 3/]€€ tox 5 2 
4 3i{eF STX INDXD 5 2 
3.2 2 2 6 3/|/Fo SuBB EXIND 4 3 
3. 2 2 2 6 3{jr CMPB 4 3 
3 2 2 2 5 3]fF2 SBCB 4 3 
3 2 2 2 5 3] \F3 ADDD 6 3 
3 2 4 3 2 24)/F4 ANDB 4 3 
3 2 6 2 2 2s BITB 4 3 
3 2 3 3 2 2) 4F6 LDAB 4 3 
3 2 4 31157 STAB 4 3 
3.02 3 2 2 24/F8 EORB 4 3 
3 2 3 2 2 2/{F9 ADCB 4 3 
3 2 3 2 2 2/]FA  ORAB 4 3 
30 2 5 2 FB = ADDB 4 3 
32 3.2 2 2{4{fc Loo 5 3 
3.2 3 2 2 2I/|fo sto 5 3 
3 2 ¢ 32 2 2\|fe Lox 5 3 
32 6 97. STAA 3 2 2 2d4FF STX EXTND 5 3 
3.4 6 98 EORA 32 3 3 
3 1 ADCA 
4 1 6 oe : : IMMED 3. 3 “UNDEFINED OP CODE 
41 INDXD 6 3. 2 





NOTES: 
1. Addressing Modes : 
INHER m Inherent IMMED # Immediate 


DIR = Direct 


INDXD # Indexed 

REL Relative EXTND # Extended 
2. Unassigned opcodes are indicated by ‘’*’’ and should not be executed. 
3. Codes marked by ‘’T" force the PC to function as a 16-bit counter. 
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TABLE 9 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 


| Condition Codes 
(6[4/ 3/2] 1] 0 | 
Pointer Operations P P : ete 
Arithmetic Operation 
|e! 


M -—SPH, (M + 1) SPL 


Store Index Reg XH =, XL (M+ 1) 
Store Stack Pntr SPH -=M, SPL =(M + 1) 


index Reg ~ Stack Prir x-t-sP 


Stack Pntr — Index Reg 
|Add 


Push Data 

























[wer oan | we ooo og eapanin 

Memory Operations Op] ~ | #| | Op| ~ | #] Op] ~ | #] Expression Ht tN] 

[Add Acmitrs «(ABA | | | | Tt] [ti [J iilaiiare-a  iilelttiitit 

PAddBtoX ——«ABX | | TT {TT [3a[3 [i[oo8 -x=x Tefelelele| 

Add with Carry TADCA] 89] 2 | 2| fAg}4 [2}89/4/3| | | [A+M+C-A (ileltiti tty 
fAbcB| cel 2 | 2] feol4 [2/ro|4{3| | | |8+M+c=s  (flelfititit. 

Pie oo fap 4 [2ee/4{3| | | |A*M—A_ Iileltititit| 
[ADDB| Bl 2 [2 feo|4 [2(reja{s| [ | |B+M=-A_ iileli{titit, 

[ Add Doubles [ADDD[c3[4 [3 fes[e 2[rajel3| | | [O+MM+1—0 Jelelfi titi 

es eee Aal4 [2jea|ais; | | |A-M~A_ lelelfiftirie 
[ANDB[C4[2 [2 fea]a [2[ra[a(a; | | [e-m=s relert(tirte] 

Shift Left, fast [TT fea}e [2] 7elets; | I] <— erent y 

Arithmetic fasta TT PT fasta fy) Of) <> feo 

fASLB If] a CIC IRIE 





— Continued — 
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (CONTINUED) 





Condition Codes 


Boolean 


tata alot ct eto Tat 


Accumulator and 


2 ans abil see cwem eeu esesasdassea se sebecaassceael lessee eeeeanse 






cee elses ese Seesee oer 
eee Sole 

eS 

=\e 











Sle 


Ge ee ETRE Se EET ee A Beet coe beet peer bet beet UU Teel 
RCP Cee lel ere Cer rrr errr tel rer eel er PLT ep lleflefe| Tal 1 


BURT Telet LT Teieiey TT IST T [stele] feteferey [Trey TTT et T istet TTT fet T fel TT iplefetclefsiela] | [el | 
BCE Hester rset et este este eC a le Tie iol tT istedstatedsdede fiat 1 


BCBLLEEL RL ERECT Ts] eee eee str el LBist ITT el | tL eisteioisaistal Cel « 
ROCCO CCC ECC sie sie Ose slated TTT] © 
ET TT feet TEE food] Tt TT fede] ff doodle] PET dele TE ET TT fff ferfeool | TTT 
eo) tT aia tt ell YT telat | isisish | TT sist TT pisisjefeielsist Ty yy 
ROCs sis sis isle TC ese sie TT 
PTET Tel ele TT Isle TT Iaido TTT TTT TTT lef TIC Talefel TT 


elt Tt fret tT feel tt tT feist | | sists! | TTT TT TTT TT sist TT ET TTT TT sist TT aielst | TTT 


Expression 


Adj binary sum to BCD 
A-1=A_ 

















Memory Operations 


hift Left Obi 
Shift Right, 





Arithmetic 
Compare Acmitrs 
Clear 
1's Complement 

Left 
2's Complement 
(Negate) 
Subtract Acmitr 

Subtract Double 
Transfer Acmitr 
Minus 


Subtract with 
Car 


Compare 
Decimal Adj, A 
Decrement 
Exclusive OR 
Increment 
Load Acmitrs 
Load Double 
Logical Shift, 
Shift Right, 
Logical 
Multiply 

No Operation 
inclusive OR 
Push Data 
Pull Data. 
Rotate Left 
Rotate Right 
Test, Zero or 


Bit Test 
The Condition Code ane notes are listed after Table 
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TABLE 11 — JUMP AND BRANCH INSTRUCTIONS 




















) 

Operations lor[—|w [or|-[#lor[-[#lor[—[#lor[-[ Branch tee [H[t In| z [vic | 
ara__| || (2ost2l TT] [TT [] [noe Je lelelelele, 
[Branch Never | 6RN | || |t[3|2] [| | [1] | | [None J elefojelele! 
[Branch Garry Gieer__| _ecc_| || |afsj27 {1 | ||| | |le-0 _elelelelele 
acs | |} isist2z] | T1111 ties felelelelele 
feranch=Zero | eea_| || [27|3[2] ||| [11 |1lz-1 le Jelelelele| 
feranchWSzero_——+| ace] || [ecisj2] ||| 11] || Inov-0 _lelelelelele| 
[Branch ¥>zero_-+| __ect__| || (2es[2] ||| [1] | | [z+wov-0 |lelelelelele| 
[Branch Higher | 84] || J22\3/2] 11] [1] | | [erz-0 [efele[elele 
Branch i Higher or Same | ens | {| Jea[sfal || 1 | {11 ]|[c-0 _ le]elelelele, 
[Branch f= Zero] BLE TTT Fist 27 TTT TTT oT [z+inow=1 if efelelelele| 
feranch tcarry Set | m0 | || |2s]aj2| {11} 11] |1{Ic-1  lelelelelele, 
[Branch Wlower OrSame [os | 1] P3p3}at || 7 [11] J fe+2: [oe lelelele 
Branchi<zero | _er_| {| sta] TT] 1111 | [novi [ee lelelele, 
faranch Minus | om | {| Pspsfatt{ rT f{| [iin=1 _lelelelelele 
[Branch WNot Equalzero__{ _eNe__{ || [>s[s[2 || ||] | |\z-0 __lelelelelele. 
oe eet ee Weeor  eleleleleles 
es TT sist tyr Tye TeJelejelele 

a SW 210 a eee OO 
pase TF Foote tat TH {thse soccer [etetelelele: 

we TTT TT fee lsfatre[s tat TP operations. [a fo foe fo ley 

(isk [e0]s]2] || ladle] 2|eo} 6] 3] | |’ Fiawre 26 [ele lefelele, 
nor een [ejelelelele. 

am | T{ TIES epop FRIRERTRUAUE 

SR | 

sw Te afi Prcrate fe[slelelele, 

A eC oe ease ea je jejeje jele | 





Clear Carry 


Clear Interrupt Mask _ 


Clear Overflow : 


Set Carry 


CCR Accumulator A 





LEGEND CONDITION CODE SYMBOLS 
OP Operation Code (Hexadecimal!) 
~ Number of MPU Cycles 

Msp Contents of memory location pointed to by Stack Pointer 


Half-carry from bit 3 
Interrupt mask 
Negative (sign bit) 


err MN DON<KCN]S~T 


# Number of Program Bytes Zero (byte) 

+ Arithmetic Plus Overflow, 2's complement 
~ Arithmetic Minus Carry/Borrow from MSB 
@ Boolean AND Reset Always 

X Arithmetic Multiply Set Always 

+ Boolean Inclusive OR Affected 

® 


Boolean Exclusive OR Not Affected 
M Complement of M 

~~ Transfer Into 

O Bit = Zero 

00 Byte = Zero 
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TABLE 13 — INSTRUCTION EXECUTION TIMES IN E-CYCLES 


ADDRESSING MODE ADDRESSING MODE 


3 
z 
© 
x 
wi 
8 
e 
4 
4 
6 
4 
6 





@naAOODEDOD 
@rnrA@eOeMOenda>” 
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SUMMARY OF CYCLE-BY-CYCLE OPERATION 


Table 14 provides a detailed description of the information per instruction. In general, instructions with the same ad- 
present on the address bus, data bus, and the read/write dressing mode and number of cycles execute in the same 
(R/W) line during each cycle of each instruction. manner. Exceptions are indicated in the table. 

The information is useful in Comparing actual with ex- Note that during MPU reads of internal locations, the 
pected results during debug of both software and hardware resultant value will not appear on the external data bus ex- 
as the program is executed The information is categorized in cept in mode 0. ‘High order’’ byte refers to the most- 
groups according to addressing mode and number of cycles significant byte of a 16-bit value. 


TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 1 of 5) 


Address Mode and Cycle R/W 
Instructions Cycles} # Address Bus Line Data Bus 


IMMEDIATE 


Opcode Address Opcode 
Opcode Address + 1 Operand Data 


Opcode Address Opcode 

Opcode Address + 1 Operand Data (High Order Byte) 
Opcode Address + 2 Operand Data (Low Order Byte) 
Opcode Address Opcode 

Opcode Address + 1 Operand Data (High Order Byte) 
Opcode Address + 2 Operand Data (Low Order Byte) 
Address Bus FFFF Low Byte of Restart Vector 





DIRECT 













as 


Opcode 
| Address of Operand 
Operand Data 


Opcode Address 
Opcode Address + 1 
Address of Operand 












-Opcode 
Destination Address 
Data from Accumulator 


Opcode 
Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 
Address of Operand 

Register Data (High Order Byte) 
Register Data (Low Order Byte) 


Opcode 
Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 
Irrelevant Data 

First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 


Opcode Address 
Opcode Address + 1 
Destination Address 
Opcode Address 
Opcode Address + 1 
Address of Operand 
Operand Address + 1 
Opcode Address 
Opcode Address + 1 
Address of Operand 
Address of Operand + 1 
Opcode Address 
Opcode Address + 1 
Operand Address 
Operand Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Subroutine Address 
Stack Pointer 
Stack Pointer — 1 






























CPX 
SUBD 
ADDD 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 2 of 5) 


Address Mode and Cycle R/W 
Instructions Cycles| # ‘Address Bus Line Data Bus 


EXTENDED 

Opcode Address Opcode 

Opcode Address + 1 Jump Address (High Order Byte) 
Opcode Address + 2 Jump Address (Low Order Byte) 


Opcode Address Opcode 

Opcode Address + 1 Adaress of Operand 

Opcode Address + 2 Address of Operand (Low Order Byte! 
Address of Operand Operand Data 


PBWNH -f WN 


Opcode Address Opcode 

Opcode Address + 1 Destination Address (High Order Byte) 
Opcode Address + 2 Destination Address (Low Order Byte) 
Operand Destination Address Data from Accumulator 


Opcode Address Opcode 

Opcode Address + 1 Address of Operand (High Order Byte) 
Opcode Address + 2 Address of Operand (Low Order Byte) 
Address of Operand Operand Data (High Order Byte) 
Address of Operand + 1 Operand Data (Low Order Byte) 


= 


Opcode Address Opcode 

Opcode Address + 1 Address of Operand (High Order Byte) 
Opcode Address + 2 Address of Operand (Low Order Byte) 
Address of Operand Operand Data (High Order Byte) 
Address of Operand + 1 Operand Data (Low Order Byte) 
Opcode Address Opcode 

Opcode Address + 1 Address of Operand (High Order Byte) 
Opcode Address + 2 Address of Operand (Low Order Byte) 
Address of Operand Current Operand Data 

Address Bus FFFF Low Byte of Restart Vector 

Address of Operand New Operand Data 


Opcode Address Opcode 

Opcode Address + 1 Operand Address (High Order Byte) 
Opcode Address + 2 Operand Address (Low Order Byte) 
Operand Address Operand Data (High Order Byte) 
Operand Address + 1 Operand Data (Low Order Byte) 
Address Bus FFFF | Low Byte of Restart Vector 


Opcode Address Opcode 

Opcode Address + 1 Address of Subroutine (High Order Byte) 
Opcode Address + 2 Address of Subroutine (Low Order Byte) 
Subroutine Starting Address Opcode of Next Instruction 

Stack Pointer Return Address (Low Order Byte) 

Stack Pointer — 1 Return Address (High Order Byte) 


1 
2 
3 
4 
] 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 





* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF. 
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1 
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1 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 3 of 5) 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

index Register Plus Offset 


Opcode Address 

Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset + 1 


Opcode Address 

Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset + 1 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 
Address Bus FFFF 

index Register Plus Offset 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register + Offset 
index Register + Offset + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Index Register + Offset 
Stack Pointer 

Stack Pointer — 1 


Opcode 
Offset 
Low Byte of Restart Vector 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Opcode 

Offset 

Low Byte of Restart Vector 
Current Operand Data . 
Low Byte of Restart Vector 
New Operand Data 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 

Offset 

Low Byte of Restart Vector 

First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 





*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF. 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 4 of 5) 


Address Mode and Cycle R/W 
Instructions Cycles] # Address Bus Line 


INHERENT 












RO 


Opcode Address 
Opcode Address + 1 








Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 


Co 
ASLD 

LSRD 

DES 

INS 

INX 

DEX 

PSHA 

PSHB 
ed 
ae 
PULA 

PULB 

PSHX ¥ 
PULX 5 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 


pee alee 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer — 1 


Opcode Address 


Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 
Stack Pointer + 2 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 
Stack Pointer + 2 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointe: — 3 
Stack Pointer — 4 
Stack Pointer—5 
Stack Pointer -—6 











ee 





Previous Stack Pointer Contents 
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Opcode 
Opcode of Next Instruction 











Opcode 
Irrelevant Data 
Low Byte of Restart Vector 




















Opcode 
Irrelevant Data 
Low Byte of Restart Vector 








Opcode 
Opcode of Next Instruction 
Irrelevant Data 







Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 
Opcode 
Opcode of Next Instruction 
Accumulator Data 


Opcode 
Opcode of Next Instruction 
Irrelevant Data 


Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 


Opcode 
Opcode of Next Instruction 
irrelevant Data 

Operand Data from Stack 


Opcode 
Irrelevant Data 

Index Register (Low Order Byte) 
index Register (High Order Byte) 


Opcode 
Irrelevant Data 
Irrelevant Data 
Index Register (High Order Byte) 
Index Register (Low Order Byte) 
























































Opcode 
Irrelevant Data 
Irrelevant Data 
Address of Next Instruction (High Order Byte) 
Address of Next Instruction (Low Order Byte) 


Opcode 
Opcode of Next Instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code Register 
































35/40 





EF6801 e EF6803 





TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5) 


Address Mode and Cycle R/W 
instructions Cycles; # Address Bus Line Data Bus 


INHERENT 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 
Stack Pointer +2 
Stack Pointer+3 
Stack Pointer + 4 
Stack Pointer+5 
Stack Pointer+6 
Stack Pointer+ 7 


Opcode Address 

Opcode Address + 1 

Stack Pointer 

Stack Pointer — 1 

Stack Pointer — 2 

Stack Pointer—3 

Stack Pointer -—4 

Stack Pointer —5 

Stack Pointer -—6 

Stack Pointer — 7 

Vector Address FFFA (Hex) 
Vector Address FFFB (Hex) 


Opcode 

Irrelevant Data 

Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 


Opcode 

irrelevant Data 

irrelevant Data 

Contents of Condition Code Register from Stack 
Contents of Accumulator B from Stack 

Contents of Accumulator A from Stack 

Index Register from Stack (High Order Byte) 

Index Register from Stack (Low Order Byte) 

Next Instruction Address from Stack (High Order Byte) 
Next Instruction Address from Stack (Low Order Byte) 


Opcode 

Irrelevant Data 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 

Index Register (Low Order Byte) 

Index Register (High Order Byte) 
Contents of Accumulator A 

Contents of Accumulator B 

Contents of Condition Code Register 
irrelevant Data 

Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 


ODNOTAWNHHI15 OCOMONAOAWHND — 


3S 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 


HrmMOoePMVNOANDS WH = 


Opcode Address Opcode 
Opcode Address + 1 Branch Offset 
Address Buss FFFF Low Byte of Restart Vector 


Opcode Address Opcode 

Opcode Address + 1 Branch Offset 

Address Bus FFFF Low Byte of Restart Vector 
Subroutine Starting Address Opcode of Next Instruction 

Stack Pointer Return Address (Low Order Byte) 
Stack Pointer —1 Return Address (High Order Byte) 
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eve 


SHNALINGNODIINGAS NOSWOHL 


Ov/Le 


BSR, Branch To Subroutine 


RTS, Return from Subroutine 


FIGURE 25 — SPECIAL OPERATIONS 


JSR, Jump to Subroutine 


PC Main Program 


= $9D=JSR 
Dic re 


K = Direct Address 


Main Program = Stack 


Main Program 


$BD=JSR 
SH= Subr. Addr. 


SL= Subr. Addr. 








EXTND 


RTN 


Main Program sP Stack 
ec > sr-2 





Subroutine SP Stack 
SP 
1 


ec [_ sa=RIs ral 


—P SP+2 RTN- 


Legend: 


RTN= Address of next instruction in Main Program to be executed upon return from subroutine 
RTNW= Most significant byte of Return Address 

RTN; = Least significant byte of Return Address 

—° = Stack Pointer After Execution 

K = 8-bit Unsigned Value 


SWI, Software interrupt 


patil ictal Datel op AEA Deed ols Main Program 
PC $3F = SWI — 
Am {| 
WAI, Wait for interrupt Main Program 


PC 
$3E = WAI 


RTI, Return from Interrupt Interrupt Program 


PC $3B = RT! 






—> 
JMP, Jump Main Program 
Ee S6E = JMP 
K = Offset 
INDX 
oee : Extended 


X+K Next Instruction 


SP 


SP-7 
SP-6 
SP-5 
SP—4 
SP-3 
SP-2 
SP-1 

SP 


SP +1 
SP+2 
SP4+3 
SP +4 
SP+5 
SP+6 
SP+7 


K 










Stack 


eae! 


Stack 


Condition Code 




















index Register (X}4) 


Index Register (X,) 
RTNH 
RTN, 


Main Program 


$7E = JMP 
Ky = Next Address 
K, = Next Address 


Next Instruction 
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PHYSICAL DIMENSIONS 


CB-182 


(1). Nominal dimension 
(2) True geometrical position 





P SUFFIX 
PLASTIC PACKAGE 
40 pins 
y ALSO AVAILABLE 
C SUFFIX 





CERAMIC PACKAGE 


CB-521 














FN SUFFIX 
PLCC 44 





Reape Re Re) SRSRO RS ASH 
28 8 Hl os) 


qu 1,27 Jeleleleleleleletele| max. 


Typ. 





61 
0812 4 4 pi ns 
0,64 ' 
min. a. 533 Y 
MO-047-AC CB-521 
O.A.T.A. JEDEC SITELESC i 





vz 
N 
a 
> 
a 


e §— FF & 


Vcc Stdby 
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ORDERING INFORMATION 


The information required when ordering acustom MCU 
is listed below. The ROM program may be transmitted to 
THOMSON SEMICONDUCTEURS on EPROM(s) or an 
EFDOS/MDOS* disk file. 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact your local THOMSON SEMICONDUC- 
TEURS representative or distributor. 


EPROMs 


Two 2708 or one 2716 type EPROMs, program- 
med with the customer program (positive logic sense for 
address and data), may be submitted for pattern generation. 
The EPROM must be clearly marked to indicate which 
EPROM corresponds to which address space. The recom- 
mended marking procedure is illustrated below : 


XXX 


XXX = Customer |D 


After the EPROM(s) are marked, they should be placed in 
conductive IC carriers and securely packed. Do not use 
styrofoam. 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are fil- 
ed for contractual purposes and are not returned. A com- 
puter listing of the ROM code will be generated and returned 
along with a listing verification form. The listing should be 
thoroughly checked and the verification form completed, 
signed, and returned to THOMSON SEMICONDUC- 
TEURS. The signed verification form constitutes the 


contractual agreement for creation of the customer mask. 
If desired, THOMSON SEMICONDUCTEURS will pro- 
gram on blank EPROM from the data file used to create 
the custom mask and aid in the verification process. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the.customer's ROM pattern will be 
sent for program verification. These units will have been 
made using the custom mask but are for the purpose of 
ROM verification only. For expediency they are usually un- 
marked, packaged in ceramic, and tested only at room 
temperature and 5 volts. These RVUs are included in the 
mask charge and are not production parts. The RVUs are 
thus not guaranteed by THOMSON SEMICONDUC- 
TEURS. Quality Assurance, and should be discarded 
after verification is completed. 


FLEXIBLE DISKS 

The disk media submitted must be single-sided, EF DOS/ 
MDOS* compatible floppies. 

The customer must write the binary file name and compa- 
ny name on the disk with a felt-tip-pen. The minimum 
EFDOS/MDOS* system files, as well as the absolute 
binary object file (Filename .LO type of file) from the 


‘6801 cross assembler, must be on the disk. An object file: 


made from a memory dump using the ROLLOUT com- 
mand is also acceptable. Consider submitting a source 
listing as well as the following files : filename .LX (DEVI 
CE/EXORciser loadable format) and filename SA (ASCII 
Source Code). These files will of course be kept confiden 
tial and are used 1) to speed up the process in-house if any 
problems arise, and 2) to speed up the user-to-factory 
interface if the user finds any software errors and needs 
assistance quickly from THOMSON SEMICONDUC- 

TEURS factory representatives. 

EFDOS is THOMSON SEMICONDUCTEURS’ Disk 
Operating System available on development systems 
such as DEVICE... 

MDOS* is MOT.OROLA's Disk Operating System available 
on development systems such as E XORciser.... 


*Requires prior factory approval. 


Whenever ordering a custom MCU is required, please contact your local THOMSON SEMICONDUCTEURS representa- 
tive or THOMSON SEMICONDUCTEURS distributor and/or complete and send the attached ‘’MCU customer ordering 
sheet’’ to your local THOMSON SEMICONDUCTEURS representative. 


EXORciser is a registered trade mark of MOTOROLA Inc. 


THOMSON SEMICONDUCTEURS 
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ORDE RING INFORMATION 


EF6803 P,|V 
Device | | aie Screening level 
Package Oper. temp. 


The table below horizontally shows ail available suffix combinations for package, operating temperature and screening 
level. Other possibilities on request. 


reTs[r[el[wl[elv[m [ew] o | oe | onl 


Examples : EF6801P, EF6801FN, EF6801PV, EF6803CV 


Package : C: Ceramic DIL, J: Cerdip DIL, P: Plastic DIL, E: LCCC, FN: PLCC. 
Oper. temp. : L*: 0°C to +70°C, V: —40°C to +85°C, M: —55°C to +125°C, *: may be omitted. 
Screening level : Std: (no-end suffix), D: NFC 96883 level D, 

G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level B. 





a These specifications are subjet to change without notice. 
Please inquire with our sales offices about the availability of the different products. 


Ref.DSEF680103 


Printed in France 
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MICROCOMPUTER/MICROPROCESSOR (MCU/MPU) 





ADVANCE INFORMATION 


The EF6801U4 is an 8-bit single-chip microcomputer unit (MCU) 
which enhances the capabilities of the EF6801 and significantly 
enhances the capabilities of the EF6800 Family of parts. !t includes 
an EF6801 microprocessor unit (MPU) with direct object-code com- 
patibility and upward object-code compatibility with the EF6800. 
Execution times of key instructions have been improved over the 
EF6800 and the new instructions found on the EF6801 are included. 
The MCU can function as a monolithic microcomputer or can be ex- 
panded to a 64K byte address space. It is TTL compatible and requi- 
res one + 5-volt power supply. On-chip resources include 4096 bytes 
of ROM, 192 bytes of RAM, a serial communications interface (SCI), 
parallel 1/O, and a 16-bit six-function programmable timer. The 
EF6803U4 can be considered as an EF6801U4 operating in modes 
2 or 3 ; i.e., those that do not use internal ROM. 


CASES 


CB-182 


P SUFFIX 
PLASTIC PACKAGE 


Enhanced EF6800 Instruction Set 

Upward Source and Object Code Compatibility with the EF6800 
and EF6801 

Bus Compatibility with the EF6800 Family 

8 x 8 Multiply Instruction 

Single-Chip or Expanded Operation to 64K Byte Address Space 
Internal Clock Generator with Divide-by-Four Output 

Serial Communications Interface (SC!) 

16-Bit Six-Function Programmable Timer 

Three Output Compare Functions 

Two Input Capture Functions 

Counter Alternate Address 

4096 Bytes of ROM (EF6801U4) 

192 Bytes of RAM 

32 Bytes of RAM Retainable During Power Down 

29 Parallel 1/O and Two Handshake Control Lines 

NMI Inhibited Until Stack Load 

Complete Development System Support on DEVICE® 


— 40°C to 85°C Temperature Range 


CB-521 


FN SUFFIX 
PLCC 44 


PIN ASSIGNMENT 


DEVICES ts THOMSON SEMICONDUCTEURS’ development/emulation tool. 





NOVEMBER 1986 1/44: 


43, Avenue de l'Europe - 78140 VELIZY-VILLACOUBLAY/ FRANCE - Tel. :(1)39.46.97.19 - Telex TCSF 204780F - Telecopie : (1 )39.46.52.64 
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P47 


P45 
P44 
P43 
P42 
P41 
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A7/D7 
A6/D6 
A5/D5 
A4/D4 
A3/D3 
A2/D2 
A1/D1 
A0/DO 
R/W 
AS 


Aid 
Al4 
Al3 
Al2 


A10 
Ag 
A8 


1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 


1/0 
/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 


vO << 
OS3 
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EF6801U4 MICROCOMPUTER FAMILY BLOCK DIAGRAM 


N 
aq E 
QONLE BIG 
$325 BRE 
Expanded Multiplexed MPU 


Expanded Non-Multiplexed 


| °. Single Chip 


Vcc Standby 


Address 


NOTE : No functioning ROM in EF6803U4. 
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P20 


P22 


P23 
P24 


P10 


P12 
P13 
P14 
P15 
P16 
P17 


TIN 
TOUT1 
SCLK 


RDATA 
TDATA 


TIN2 
TOUT2 
TOUT3 


1/0 
1/0 
1/0 
1/0 
1/0 


1/0 
i/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 





EF6801U4 e EF6803U4 





MAXIMUM RATINGS 
Rating 
Supply Voltage 
Input Voltage Vin 
Operating Temperature Range 


EF6801/03U4, EF6801/03U4-1, 
EF68A01/03U4 
EF6801/03U4, EF6801/03U4-1 : V suffix 


Storage Temperature Range 


-0.3 to +7.0 





THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance 
Plastic 
PLCC 


Value 


OA 50 °C/W 
100 













POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can be obtained from: 
TJ=TA+(Pped ja) 
Where: 
TA=Ambient Temperature, °C 








This device contains circuitry to protect the in- 
puts against damage cue to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance circuit. For proper opera- 
tion it is recommended that Vi, and Voyt be con- 
Strained to the range VSs < (Vin or Vout) S$ VCC. 
Input protection is enhanced by connecting 
unused inputs to either Vpp or VSs. 











6 JA = Package Thermal Resistance, Junction-to-Ambient, °C/W 


Pp= PINT + PPORT 
PINT=ICc x Vcc, Watts — Chip Internal Power 


PPORT = Port Power Dissipation, Watts — User Determined 


For most applications PpoRT<€P|NT and can be neglected. PPORT may become significant if the device is configurad tu 


drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and Ty (if PpoRT is neglected) is: 


PpO=K+(TJ + 273°C) 
Solving equations 1 and 2 for K gives: 
K = Ppe(TA + 273°C) + 0jaePp4 


(2) 


(3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring PD (at equilibrium) 
for a known TA. Using this value of K the values of Pp and Ty can be obtained by solving equations (1) and (2) iteratively for any 


value of Ta. 


CONTROL TIMING (Vcc =5.0 V +5%, Vss=0, Ta=0 to 70°C) 
Characteristic 


Frequency of Operation 


a PTHOWMSON SEF 
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DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 Vde +5%, Vss=0, TA=Tz to TH unless otherwise noted) 







































EF6801/03U4-A01/03U4 EF6801U4/6803U4 
Characteristic 0° to + 70°C - 40° to + 85°C 
= | Min | Max | Min | Max | Unit 
Input High Voltage RESET | Viy Vss+4.0 Vcc Vsst+4.0 Vcc V 
Other Inputs * Vsst2.0 Vcc Vsg+2.2 Vcc 
Input Low Voltage oz All Inputs* Vgg-0.3 | Vgst0.8| Vss—0.3 | Vss+0.8 
Input Load Current (Vj,=0 to 2.4 V) Port 4 0.5 0.8 mA 
SCl 0.8 1.0 
Input Leakage Current = 
(Vin=0 to5.5 V) NMI, IRQ1, RESET 2.5 pA 
Hi-Z (Off-State) Input Current 
(Vin =0.5 to 2.4 V) Port 1, Port2, Port3 | ITs; 20 pA 
Output High Voltage 
(IL oad= ~ 65 nA, Vcc= Min) Port4, SC1,SC2 | Von Vsst+2.4 Vsst2.4 V 
(Load = — 100 nA, Vcc= Min) Other Outputs Vsst+2.4 Vss+2.4 
Output Low Voltage 
(ILoad= 2.0 MA, Vcc = Min) All Outputs | Vo. Vsg+0.5 Vsst0.6 V 
Darlington Drive Current ) 
(Vo=1.5V) Port? | low 5.0 mA 
Internal Power Dissipation 
(Measured at Ta=T_ in Steady-State Operation) * * * PINT © 1200 mW 
Input Capacitance ) 
(Vin=0, Ta = 25°C, Port 3, Port 4, SC1 Cin 12.5 12.5 pF 
fo = 1.0 MHz) Other Inputs 10.0 10.0 
Vcc Standby Powerdown | VsppB 4.0 5.25 4.0 5.25 V 
. | Powerup | Vsp 4.75 5.25 4.75 5.25 


Standby Current Powerdown | Ispp 


*Except mode programming levels; see Figure 16. 
**Negotiable to — 100 pA (for further information contact the factory). 
** * For the EF6801U4/EF6803U4 T_ =0°C and for the EF6801U4/EF6803U4 : V suffix T_=—40°C 


PERIPHERAL PORT TIMING (Refer to Figures 1-4) 

















EF6801/03U4 
Care 
iin Tye [Mex [Min [Typ [ Mex] Uni 
jf} = 
Le eel | iso of - [| - fons | 
PF - | - | 30 [ - | - | 30 | ns | 
Delay Time, Enable Positive Transition to OS3 Positive Transition | - | - [| 30 | - | - [ x0 [| os | 
Delay Time, Enable Negative Transition to Peripheral Data Valid jew] = | = | )- | - jeden 
Port 1 tPWD - 350 300 ns 
Port 2, 3, 4 - 350 300 
| Delay Time, Enable Negative Transition to Peripheral CMOS Data Valid | tcmos | - | - | 20 | -~ | - | 
Pinput Strobe Pulse With SSC tig | | | | mo] id 
ee eee ee 
ee oe, ee eet 
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FIGURE 1 — DATA SETUP AND HOLD TIMES 


(MPU READ) 
MPU Read 
E 
'PDSU (PDH 
P10 P17 | 
P20 P24 
\ 
a CE (I 
Inputs® 
'iPDSU IPOH 


P30-P37 
Inputs * ) Data Valid =} 


*Port 3 non-latched operation (Latch enable = 0) 


FIGURE 3 - PORT 3 OUTPUT STROBE TIMING 
(EF6801U4 SINGLE-CHIP MODE) 


MPU Access of Port 3* 


Address 
Bus 


OS3 





FIGURE 2 — DATA SETUP AND HOLD TIMES 
(MPU WRITE) 


MPU Write 





All Data 
Port Outputs 


Data Valid 


NOTES: 
1. 10 k pullup resistor required for port 2 to reach 0.7 Vcc 
2. Not applicable to P21 
3. Port 4 cannot be pulled above Vcc 


FIGURE 4- PORT 3 LATCH TIMING 
(EF6801U4 SINGLE-CHIP MODE) 


P30-P37 
Inputs 





* Access matches output strobe select (OSS =0, a read; OSS=1, a write) 


NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted. 


FIGURE 5 — CMOS LOAD 


Test Point om 
‘i 30 pF 


FIGURE 6 — TIMING TEST 
LOAD PORTS 1, 2, 3, AND 4 


VCC 


RU = 1.8 ko 


Test Point iN9S16 
or equiv. 


1N4148 
or equiv. 


C= 90 pF for P30-P37, P40-P47, E, SC1, SC2 
= 30 pF for P10-P17, P20-P24 

R= 37 kQ for P40-P47, SC1, SC2 
= 24 kQ for P10-P17, P20-P24- 
= 24 kQ for P30-P37, E 
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BUS TIMING (See Notes 1 and 2, and Figure 7) 


Ident. 
Number 






Characteristics 


eee 
Pulse Width, ELow SPW 90_| 000] 360_{ 1000 
Pulse Width, High SSCS Pe | #80] 1000] 360] 1000_ 
















Clock Rise andFaltime SCs th | - | | | - | Bl] 
2 ae ee 
tAV me | | 18 | 
Read Data SewpTime —=sSSSSSSSSSSSC*dY (ts | | - | | — | 60 

NOs 104 
Write Data Delay Time | tpopw | - | | — | 2007 _ | 





Muxed Address Valid Time to E Rise* 


[Belay Time, AS toERe*™ SSS mse | 0 
[29 [Usable Access Time (See Notwes_—————S~S~wdCtwcc 


* At specified cycle time. 


~ SiN 
PEEEE 


eae 
ee ore 
ce 
ees 
ae eae 
ae 
|__18 [Read DataHold Time tH 0 
pa 
| 21 
eae 
| 4 
ae 
| 6 
aa 
| 8 


NO 
~ 
S) 
i) 


1 
2 
3 
4 
12 
7 
18 
19 
21 
22 
24 
25 
26 
27 
28 
29 








in a 
10S, 
mimi access TKXXXXAMM CS KX 
5 a Sal 
ere ee rR) 


Et eo — a 





ely ae 4 F— 
(22) 
a [Fa 
ee » Sgro See Note5 Mi } | 
(26) 






(9) 


Write Data Muxed 





\ 
21) 


@ 
ere 
Address : 
Strobe (AS) 
27) 
Cat (25) 
(4) 
NOTES: 


1. Voltage levels shown are Vi $0.5 V, VH2=2.4 V, unless otherwise specified. 

2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 

3. Usable access time is computed by 22+3-—17+4. 

4. Memory devices should be enabled only during E high to avoid port 3 bus contention. 
5. Item 26 is different from the EF6801 but it is upward compatible. 
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INTRODUCTION 


The EF6801U4 is an 8-bit monolithic microcomputer 
which can be configured to function in a wide variety of ap- 
plications. The facility which provides this extraordinary flex- 
ibility is its ability to be hardware programmed into eight dif- 
ferent operating modes. The operating mode controls the 
configuration of 18 of the 40 MCU pins, available on-chip 
resources, memory map, location (internal or external) of in- 
terrupt vectors, and type of external bus. The configuration 
of the remaining 22 pins is not dependent on the operating 
mode. 

Twenty-nine pins are organized as three 8-bit ports and 
one 5-bit port. Each port consists of at least a data register 
and a write-only data direction register. The data direction 
register is used to define whether corresponding bits in the 
data register are configured as an input (clear) or output 
(set). 





The term ‘‘port’’ by itself refers to all of the hardware 
associated with the port. When the port is used as a “data 
port’ or ‘’1/O port,” it is controlled by the port data direction 
register and the programmer has direct access to the port 
pins using the port data register. Port pins are labeled as Pij 
where | identifies one of four ports and j indicates the par- 
ticular bit. 


The microprocessor unit (MPU) is an enhanced EF6800 
MPU with additional capabilities and greater throughput. 
It is upward source and object code compatible with the 
EF6800 and the EF6801. The programming model is de- 
picted in Figure 8 where accumulator D is a concatenation 
of accumulators A and B. A list of new operations added 
to the EF6800 instruction set are shown in Table 1. 


The EF6803U4 can be considered an EF6801U4 that 
operates in modes 2 and 3 only. 


FIGURE 8 — PROGRAMMING MODEL 
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Interrupt 
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TABLE 1 — NEW INSTRUCTIONS 


|_Instruction PO scription 


ABX 
ADDD 
ASLD or LSLD 
BHS 
BLO 
BRN 
JSR 
LDD 
LSL 


Branch never 
Additional addressing mode direct 
Loads double accumulator from memory 


(same as ASL) 


LSRD 
MUL 
PSHX 
PULX 
STD 
SUBD 
CPX 


Pushes the index register to stack 
Pulls the index register from stack 
Stores the double accumulator to memory 


Unsigned addition of accumulator B to index register 

Adds (without carry) the double accumulator to memory and leaves. the sum in the double accumulator 

Shifts the double accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit 
Branch if higher or same, unsigned conditional branch (same as BCC) 

Branch if lower, unsigned conditional branch (same as BCS) 
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Shifts memory or accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit 


Shifts the double accumulator right (towards LSB) one bit, the MSB is cleared, and the LSB is shifted into the C bit 
Unsigned multiply, multiplies the two accumulators and leaves the product in the double accumulator 


Subtracts memory from the double accumulator and leaves the difference in the double accumulator 
Internal processing modified to permit its use with any conditional branch instruction 
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OPERATING MODES 


The EF6801U4 provides seven different operating mo- 
des (modes 0 through 3 and 5 through 7) and the EF6803U4 


provides two operating modes (modes 2 and 3). The oper- - 


ating modes are hardware selectable and determine the de- 
vice memory map, the configuration of port 3, port 4,SC1, 
SC2, and the physical location of the interrupt vectors. 


FUNDAMENTAL MODES 

The seven operating modes (0-3, 5-7) can be grouped into 
three fundamental modes which refer to the type of bus it 
supports: single chip, expanded non-multiplexed, and ex- 





panded multiplexed. Single chip is mode 7, expanded non- 
multiplexed is mode 5, and the remaining 5 are expanded 
multiplexed modes. Table 2 summarizes the characteristics 
of the operating modes. 


EF6801U4 SINGLE-CHIP MODE (7) -- In the single-chip 
mode, the four MCU ports are configured as parallel in- 
put/output data ports, as shown in Figure 9. The MCU func- 
tions as a monolithic microcomputer in this mode without 
external address or data buses. A maximum of 29 I/O lines 
and two port 3 control lines are provided. Peripherals or 
another MCU can be interfaced to port 3 in a loosely coupled 
dual-processor configuration, as shown in Figure 10. 


TABLE 2 — SUMMARY OF EF6801U4/EF6803U4 OPERATING MODES 


Single-Chip (Mode 7) 


192 bytes of RAM, 4096 bytes of ROM 


Port 3 is a parallel |1/O port with two control lines 


Port 4 is a parallel I/O port 


Expanded Non-Multiplexed (Mode 5) 


192 bytes of RAM, 4096 bytes of ROM 


256 bytes of external memory space 


Port 3 is an 8-bit data bus 


Port 4 is an input port/address bus 


* 
Expanded Multiplexed (Modes 0, 1, 2, 3,6 ) . 
Four memory space options (total 64K address space) 


(1) Internal RAM and ROM with partial address bus (mode 1) 


(2) Internal RAM, no ROM (mode 2) 


(3) Extended addressing of internal |/O and RAM 
(4) Internal RAM and ROM with partial address bus (mode 6) 


Port 3 is multiplexed address/data bus 


Port 4 is address bus (inputs/address in mode 6) 


Test mode (mode 0): 


May be used to test internal RAM and ROM 
May be used to test ports 3 and 4 as !/O ports by writing into mode 7 
Only modes 5, 6, and 7 can be irreversibly entered from mode 0 


Resources Common to Ail Modes 


Reserved register area 

Port 1 input/output operation 
Port 2 input/output operation 
Timer operation 


Serial communications interface operation 


*The EF6803U4 operates only in modes 2 and 3. 
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FIGURE 9 — SINGLE-CHIP MODE 
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FIGURE 10 — SINGLE-CHIP DUAL PROCESSOR CONFIGURATION 
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EF6801U4 EXPANDED NON-MULTIPLEXED MODE (5) 
— Amodest amount of external memory space is provided in 
the expanded non-multiplexed mode while significant on- 
chip resources are retained. Port 3 functions as an 8-bit 
bidirectional data bus and port 4 is configured initially as an 
input data.port. Any combination of the eight least signifi- 
cant address lines may be obtained by writing to the port 4 
data direction register. Stated alternatively, any combination 
of AO to A7 may be provided while retaining the remainder as 
input data lines. Internal pullup resistors pull the port 4 lines 
high until the port is configured. 


Figure 11 illustrates a typical system configuration in the 
expanded non-multiplexed mode. The MCU interfaces 
directly with EF6800 family parts and can access 256 bytes 
of external address space at $100 through $1FF. 10S provi- 
des an address decode of external memory ($100-$1FF) 
and can be used as a memory-page select or chip-select {i- 
ne. 
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EXPANDED MULTIPLEXED MODES (0, 1, 2, 3, 6) — A 
64K byte memory space is provided in the expanded 
multiplexed modes. In each of the expanded multiplexed 
modes, port 3 functions as a time multiplexed address/data 
bus with address valid on the negative edge of address 
strobe (AS) and data valid while E is high. In modes 0, 2, and 
3, port 4 provides address lines A8 to A15. In modes 1 and 6, 
however, port 4 initially is configured at. reset as an input 
data port. The port 4 data direction register can then be 
changed to provide any combination of address lines A8 to 
A158. Stated alternatively, any subset of A8 to A15 can be 
provided while retaining the remaining port 4 lines as input 
data lines. Internal pullup resistors pull the port 4 lines high 
until software configures the port. In mode 1, the internal 
pullup resistors will hold the upper address lines high pro- 
ducing a value of $FFXX for a reset vector. A simple method 
of getting the desired address lines configured as outputs is 
to have an external EPROM not fully decoded so it appears at 
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two address locations (1.e., $FXXX and $BXXX). Then, 
when the reset vector appears as $FFFE, the EPROM will be 
accessed and can point to an address in the top $100 bytes of 
the internal or external ROM/EPROM that will configure port 
4 as desired. 

In mode 0, the reset and interrupt vectors are located at 
SBFFO-SBFFF. In addition, the internal and external data 
buses are connected, so there must be no memory map 
overlap in order to avoid potential bus conflicts. By writing 
the PCO-PC2 bits in the port 2 data register, modes 5, 6, and 
7 can be irreversibly entered from mode 0. Mode 0 is used 





primarily to verify the ROM pattern and monitor the internal 
data bus with the automated test equipment. 

Only the EF6801U4 can operate in each of the expan- 
ded multiplexed modes. The EF6803U4 operates only in 


modes 2 and 3. 


Figure 12 depicts a typical configuration for the expanded 
multiplexed modes. Address strobe can be used to control a 
transparent D-type latch to capture addresses AQ-A/7, as 
shown in Figure 13. This allows port 3 to function as a data 
bus when E is high. 


FIGURE 11 — EXPANDED NON-MULTIPLEXED CONFIGURATION 
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FIGURE 12 — EXPANDED MULTIPLEXED CONFIGURATION 
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NOTE: To avoid data bug (port 3) contention in the expanded multiplexed modes, memory devices should be enabled only during E high time. 


FIGURE 13 — TYPICAL LATCH ARRANGEMENT 
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PROGRAMMING THE MODE 

The operating mode is determined at RESET by the levels 
asserted on P22, P21, and P20. These levels are latched into 
PC2, PC1, and PCO of the program control register on the 
positive edge of RESET. The operating mode may be read 
from the port 2 data register, as shown below, and program- 
ming levels and timing must be met as shown in Figure 14. A 
brief outline of the operating modes is shown in Table 3. 





PORT 2 DATA REGISTER 
7 6 5 4 3 2 1 0 


Pc2 | Pci | PCO | P24 | P23 | P22 [| P21] P20] $03 





Circuitry to provide the programming levels is dependent 
primarily on the normal system usage of the three pins. If 
configured as outputs, the circuit shown in Figure 15 may be 
used; otherwise, three-state buffers can be used to provide 
isolation while programming the mode. 


MEMORY MAPS 


The EF6801U4/EF6803U4 can provide up to 64K byte 
address space depending on the operating mode. A memory 
map for each operating mode is shown in Figure 16. The first 
32 locations of each map are reserved for the internal register 
area, as shown in Table 4, with exceptions as indicated. 


FIGURE 14 — MODE PROGRAMMING TIMING 
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Vv 
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Pt | ___Single Chip 
Mux(2, 3) Multiplexed/ Partial Decode. 


NMUX(2, 3) | Non-Multiplexed/Partial Decode | 













Undefined(4) | 


MuX'T, 3T_| _Muliplexed/RAM and ROM _| 





1. Addresses associated with ports 3 and 4 are considered external in modes 0, 1, 2, and 3. 

2. Addresses associated with port 3 are considered external in modes 5 and 6. 

3. Port 4 default is user data input; address output is optional by writing to port 4 data direction register. 
4. Mode 4 is a non-user mode and should not be used as an operating mode. 

5. Mode 3 has the internal RAM and internal registers relocated at $D000-SDOFF. 


* The EF6803U4 operates only in modes 2 and 3. 
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FIGURE 15 — TYPICAL MODE PROGRAMMING CIRCUIT 
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FIGURE 16 — EF6801U4/EF6803U4 MEMORY MAPS (Sheet 1 of 4) 


Multiplexed Test Mode 


en ES 


Internal Registers 
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EF6801U4 
Mode 


0 


Internal RAM 


NOTES: 


1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07, and 
SOF. 

2) The interrupt vectors are at $BFFO-SBFFF. 

3) There must be no overlapping of internal and 
external memory spaces to avoid driving the 
data bus with more than one device. 





THOMSON SEMICONDUCTEURS 


4) This mode is the only mode which may be 
used to examine the entire ROM using an ex- 
ternal RESET vector. 

5) Modes 5-7 can be irreversibly entered from 
mode 0 by writing to the PCO-PC2 bits of the 
port 2 data register. 
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FIGURE 16 — EF6801U4/EF6803U4 MEMORY MAPS (Sheet 2 of 4) 
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$0040 
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$FOOO Wy 
UY Internal ROM 
SFFEF Uy 
SFFFO ew External Interrupt Vectors 
SFFFF 


NOTES: 

1) Excludes the following addresses which may 
be used externally: $05 and $07. 

2) Internal ROM addresses $FFFO to $FFFF are 
not usable. 

3) Address lines A8-A15 will not contain ad- 
dresses until the data direction register for 
port 4 has been written with ‘1s’ in the ap- 
propriate bits. These address lines will assert 
“1s” until made outputs by-writing the data 
direction register. 
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FIGURE 16 — EF6801U4/EF6803U4 MEMORY MAPS (Sheet 3 of 4) 


EF 6801U4 
EF6803U4 


Multiplexed/RAM 


NOTES: 


1) Relocating the internal registers and the inter- 
nal RAM to high memory allows the pro- 
cessor to make use of direct addressing. 


2) Excludes the following addresses which may 


be used externally: $D004, $D005, $D006, 
$D007, and $DOOF. 
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Excludes the following addresses which may 
not be used externally: $04, $06, and SOF (no 
(OS). 

Address lines AO to A7 will not contain ad- 
dresses until the data direction register for 
port 4 has been written with ‘1s’ in the ap- 
propriate bits. These address lines will assert 
‘1s’ until made outputs by writing the data 
direction register. 
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FIGURE 16 — EF6801U4/EF6803U4 MEMORY MAPS (Sheet 4 of 4) 
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1) Excludes the following addresses which may 
be used externally: $04, $06, SOF. 

2) Address lines A8-A15 will not contain ad- 
dresses until the data direction register for 

port 4 has been written with ‘’1s” in the ap- 

propriate bits. These address lines will assert 

1s’ until made outputs by writing the data 

direction register. 
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TABLE 4 — INTERNAL REGISTER AREA EF6801U4/EF6803U4 INTERRUPTS 


quests: maskable and non-maskable. A non-maskable inter- 


Other scart 
Register rupt (NMI) is always recognized and acted upon at the com- 


ce | pletion of the current instruction. Maskable interrupts are 
Port 1 Data Direction Register* * * 0000 DOOO - 
controlled by the condition code register | bit and by tn- 
EO 2 Del nicelon Regie = oe, ee dividual enable bits. The | bit controls all maskable inter- 
Port | Data Register 0002 D002 
0003 D003 
0004 * 


The EF6801 Family supports two types of interrupt re- 


rupts. Of the maskable interrupts, there are two types: IRQ1 
and iRQ2. The programmable timer and serial communica- 
tions interface use an internal IRQ2 interrupt line, as shown 
in the block diagram. External devices and 1S3 use /RQ1. An 
iRQ1 interrupt is serviced before IRQ2 if both are pending. 


Port 2 Data Register 


Port 3 Data Direction Register* * * 

Port 4 Data Direction Register* * * 0005 * * 
Port 3 Data Register OO06 * 
Port 4 Data Register Vlas 
Timer Control and Status Register 

Counter (High Byte) 

Counter (Low Byte) NOTE 

Output Compare Register (High Byte) After reset, an NMI will not be serviced until the first 
Output Compare Register (Low Byte) program load of the stack pointer. Any NMI generated 
Input Capture Register (High Byte) before this load will be remembered by the processor 
Input Capture Register (Low Byte) and serviced subsequent to the stack pointer load. 
Port 3 Control and Status Register 

Rate and Mode Control Register 


Transmit/ Receive Control and Status Register All [RO2 interrupts use hardware prioritized vectors. The 
Receive Data Register single SCI interrupt and three timer interrupts are serviced in 
Transmit Data Register a prioritized order and each is vectored to a separate loca- 
RAM Control Register tion. All interrupt vector locations are shown in Table 5. In 
Counter Alternate Address (High Byte) mode 0, reset and interrupt vectors are defined as $BFFO- 
Counter Alternate Address (Low Byte) SBFFF. 

Timer Control Register 1 The interrupt flowchart is depicted in Figure 17 and is 
Timer Control Register 2 common to every interrupt excluding reset. During interrupt 
Timer Status Register servicing, the program counter, index register, A ac- 
Output Compare Register 2 (High Byte) cumulator, B accumulator, and condition code register are 
Output Compare Register 2 (Low Byte) pushed to the stack. The | bit is set to inhibit maskable inter- 
Output Compare Register 3 (High Byte) rupts and a vector is fetched corresponding to the current 
Output Compare Register 3 (Low Byte) highest priority interrupt. The vector is transferred to the 
Input Capture Register 2 (High Byte) program counter and instruction execution is resumed. Inter- 
Input Capture Register 2 (Low Byte) rupt and RESET timing are illustrated in Figures 18 and 19. 

* External addresses in modes 0, 1, 2, 3, 5, and 6 cannot be 
accessed in mode 5 (no IOS). 
* * External Addresses in Modes 0, 2, and 3. 
* * *1 = Output, O= Input 





TABLE 5 — MCU INTERRUPT VECTOR LOCATIONS 


Psa | ise 
RESET 


Non-Maskable Interrupt* * 
Software Interrupt 


Maskable Interrupt Request 1 
Input Capture Flag* 

Output Compare Flag* 

Timer Overflow Flag* 

Serial Communications Interface * 





*{RQ2 interrupt 
* *NMI must be armed (by accessng stack pointer) before an 
NMI is executed. 
*** Mode 4 interrupt vectors are undefined. 
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FIGURE 18 — INTERRUPT SEQUENCE 
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FIGURE 19 — RESET TIMING 
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FUNCTIONAL PIN DESCRIPTIONS 


Vcc AND Vss 


Vcc and VSs provide power to a large portion of the 
MCU. The power supply should provide + 5 volts (+ 5%) to 
Vcc and VSs should be tied to ground. Total power dissipa- 
tion (including Vcc standby) will not exceed Pp milliwatts. 


Vcc STANDBY 


Vcc standby provides power to the standby portion ($40 
through $5F in all modes except mode 3 which is $D040 
through $DO5F) of the RAM and the STBY PWR and RAME 
bits of the RAM control register. Voltage requirements de- 
pend on whether the device is in a power-up or power-down 
State. In the power-up state, the power supply should pro- 
vide +5 volts (+5%) and must reach Vsp volts before 
RESET reaches 4.0 volts. During power down, Vcc standby 
must remain above Vspp (minimum) to sustain the standby 
RAM and STBY PWR bit. While in power-down operation, 
the standby current will not exceed ISBR. 

It is typical to power both Vcc and Vcc standby from the 
same source during normal operation. A diode must be used 
between them to prevent supplying power to Vcc during 
power-down operation. 





XTAL1 AND EXTAL 2 


These two input pins interface either a crystal or TTL- 
compatible clock to the MCU internal clock generator. 
Divide-by-four circuitry is included which allows use of the 
inexpensive 3.58 MHz or 4.4336 MHz color burst TV crystals. 
A 20 pF capacitor should be tied from each crystal pin to 
ground to ensure reliable startup and operation. Alternative- 
ly, EXTAL2 may be driven by an external TTL-compatible 
clock at 4 fo with a duty cycle of 50% (+5%) with XTAL1 
connected ground. 

The internal oscillator is designed to interface with an AT- 
cut quartz crystal resonator operated in parallel resonance 
mode in the frequency range specified for fxTAL. The 
crystal should be mounted as close as possible to the input 
pins to minimize output distortion and startup stabilization 
time. The MCU is compatible with most commercially 
available crystals. Nominal crystal parameters are shown in 
Figure 20. 


RESET 


This input is used to reset the internal state of the device 
and provide an orderly startup procedure. During power up, 
RESET must be held below 0.8 volt : (1) at least tac after 
Vcc reaches 4.75 volts in order to provide sufficient time for 
the clock generator to stabilize, and (2) until Vcc standby 
reaches 4.75 volts. RESET must be held low at least three E 
cycles if asserted during power-up operation. 





E (ENABLE) 

This is an output clock used primarily for bus synchroniza- 
tion. It is TTL compatible and is the slightly skewed divide- 
by-four result of the device input clock frequency. It will 
drive one Schottky TTL load and 90 pF, and all data given in 
cycles is referenced to this clock unless otherwise noted. 


NMi (NON-MASKABLE INTERRUPT) 


An NMI negative edge requests an MCU interrupt se- 
quence, but the current instruction will be completed before 
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it responds to the request. The MCU will then begin an inter- 
rupt sequence. Finally, a vector is fetched from $FFFC and 
SFFFD (SBFFC and $BFFD in mode 0), transferred to the 
program counter, and instruction execution is resumed. NMI 
typically requires a 3.3 kQ (nominal) resistor to Vcc. There is 
no internal NMI pullup resistor. NMI must be held low for at 
least one E cycle to be recognized under all conditions. 


NOTE 
After reset, an NMI will not be serviced until the first 


program load of the stack pointer. Any NMI generated 
before this load will remain pending by the processor. 


IRQ1 (MASKABLE INTERRUPT REQUEST 1) 


IRQ is a level-sensitive input which can be used to re- 
quest an interrupt sequence. The MPU will complete the cur- 
rent instruction before it responds to the request. If the inter- 
rupt mask bit (I bit) in the condition code register is clear, the 
MCU will begin an interrupt sequence. A vector is fetched 
from SFFF8 and $FFF9 (SBFF8 and $BFF9 in mode 0), trans- 
ferred to the program counter, and instruction execution is 
resumed. 

iRO1 typically requires an external 3.3 kQ® (nominal) 
resistor to Vcc for wire-OR applications. [RQ7 has no inter- 
nal pullup resistor. 


SC1 AND SC2 (STROBE CONTROL 1 AND 2) 


The function of SC1 and SC2 depends on the operating 
mode. SC1 is configured as an output in all modes except 
single-chip mode, whereas SC2 is always an output. SC1 
and SC2 can drive one Schottky load and 90 pF. 


SC1 AND SC2 IN SINGLE-CHIP MODE — In single-chip 
mode, SC1 and SC2 are configured as an input and output, 
respectively, and both function as port 3 control lines. SC1 
functions as |S3 and can be used to indicate that port 3 input 
data is ready or output data has been accepted. Three op- 
tions associated with I1S3 are controlled by the port 3 control 
and status register and are discussed in the port 3 descrip- 
tion; refer to P30-P37 (PORT 3). If unused, IS3 can remain 
unconnected. 

SC2 is configured as OS3 and can be used to strobe out- 
put data or acknowledge input data. It is controlled by out- 
put strobe select (OSS) in the port 3 control and status 
register. The strobe is generated by a read (OSS =0) or write 
(OSS= 1) to the port 3 data register. OS3 timing is shown in 
Figure 3. 


SC1 AND SC2 IN EXPANDED NON-MULTIPLEXED 
MODE — In the expanded non-multiplexed mode, both SC1 
and SC2 are configured as outputs. SC1 functions as in- 
put/output select (IOS) and is asserted only when $0100 
through $01FF is sensed on the internal address bus. 

SC2 is configured as read/write and is used to control the 
direction of data bus transfers. An MPU read is enabled 
when read/write and E are high. 


SC1 AND SC2 IN EXPANDED MULTIPLEXED MODE — 
In the expanded multiplexed modes, both SC1 and SC2 are 
configured as outputs. SC1 functions as address strobe and 
can be used to demultiplex the eight least significant ad- 
dresses and the data bus. A latch controlled by address 
strobe captures the lower address on the negative edge, as 
shown in Figure 13. 
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FIGURE 20 — EF6801U4/EF6803U4 FAMILY OSCILLATOR CHARACTERISTICS 


(a) Nominal Recommended Crystal Parameters 


Nominal Crystal Parameters * 


fT 858 MHz 4.00 MHz 
RS 600 50 0 


CO 6.5 pF 
0.025 pF 
>30K 






30-50 0 
4-6 pF 
0.01-0.02 pF 
>20 K 














*NOTE: These are representative AT-cut crystal parameters only. Crystals of other 
types of cut may also be used. 
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Cy = 20 pF (typical) 


Equivalent Circuit 


(b) Oscillator Stabilization Time (tac) 


S———— 
Vcc 4.75 V 


| eit be a 


RESET 





SERED ee ie 
tRC 


Oscillator 
Stabilization 
Time, tR¢ 
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SC2 is configured as read/write and is used to control the 
direction of data bus transfers. An MPU read is enabled 
when read/write and E are high. 


P10-P17 (PORT 1) 


Port 1 is a mode independent 8-bit I/O and timer port. 
Each line can be configured as either an input or output as 
defined by the port 1 data direction register. Port 1 bits 0, 1, 
and 2 (P10, P11, and P12) can also be used to exercise one 
input edge function and two output compare functions of 
the timer. The TTL compatible three-state buffers can drive 
one Schottky TTL load and 30 pF, Darlington transistors, or 
CMOS devices using external pullup resistors. It is con- 
figured as a data input port during RESET. Unused pins can 
remain unconnected. 


P20-P24 (PORT 2) 


Port 2 is a mode-independent, 5-bit, multipurpose |/O 
port. The voltage levels present on P20, P21, and P22 on the 
rising edge of RESET determine the operating mode of the 
MCU. The entire port is then configured as a data input port. 
The port 2 lines can be selectively configured as data output 
lines by setting the appropriate bits in the port 2 data direc- 
tion register. The port 2 data register is used to move data 
through the port. However, if P21 is configured as an out- 
put, it is tied to the timer output compare 1 function and can- 
Not be used to provide output from the port 2 data register 
unless output enable 1 (OE1) is cleared in timer control 
register 1. 

Port 2 can also be used to provide an interface for the 
serial Communications interface and the timer input edge 
function. These configurations are described in SERIAL 
COMMUNICATIONS INTERFACE and PROGRAMMABLE 
TIMER. 

The port 2 three-state TTL-compatible output buffers are 
capable of driving one Schottky TTL load and 30 pF, or 
CMOS devices using external pullup resistors. 





PORT 2 DATA REGISTER 


7 6 5 4 3 2 1 0 
rao | 03 


P30-P37 (PORT 3) 


Port 3 can be configured as an I/O port, a bidirectional 
8-bit data bus, or a multiplexed address/data bus depending 
on the operating mode. The TTL compatible three-state out- 
put buffers can drive one Schottky TTL load and 90 pF. 
Unused lines can remain unconnected. 


PORT 3 IN SINGLE-CHIP MODE — Port 3 is an 8-bit I/O 
port in the single-chip mode with each line configured by the 
port 3 data direction register. There are also two lines, IS3 
and OS3, which can be used to control port 3 data transfers. 

Three port 3 options are controlled by the port 3 control 
and status register and are available only in single-chip 
mode: 1) port 3 input data can be latched using !S3 as a con- 
trol signal, 2) OS3 can be generated by either an | MPU read 
or write to the port 3 data register, and 3) an IRQ1 interrupt 
can be enabled by an IS3 negative edge. Port 3 latch timing 
is shown in Figure 4. 
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PORT 3 CONTROL AND STATUS REGISTER 


7 6 5 4 3 2 1 0 
IS3 1S3 Latch 
S| x | oss fete fx | x | x | 
Bits 0-2 Not used. 
Bit 3 


SOF 





Latch Enable — This bit controls the input latch for 
port 3. If set, input data is latched by an |S3 
negative edge. The latch is transparent after a read 
of the port 3 data register. Latch enable is cleared 
during reset. 


OSS (Output Strobe Select) — This bit determines 
whether OS3 will be generated by a read or write of 
the port 3 data register. When clear, the strobe is 
generated by a read; when set, it is generated by a 
write. OSS is cleared during reset. 


Bit 4 


Bit 5 
Bit 6 


Not used. 


IS3 IRQ1 Enable — When set, an IRQ1 interrupt 
will be enabled whenever the !S3 flag is set; when 
clear, the interrupt Is inhibited. This bit is cleared 
during reset. 

Bit 7 IS3 Flag — This read-only status bit is set by an 1S3 
negative edge. It is cleared by a read of the port 3 
data register or during reset. 


PORT 3 IN EXPANDED NON-MULTIPLEXED MODE — 
Port 3 is configured as a bidirectional data bus (D7-D0) in the 
expanded non-multiplexed mode. The direction of data 
transfers is controlled by read/write (SC2). Data is clocked 
by E (enable). 


PORT 3 IN EXPANDED MULTIPLEXED MODE — Port 3is 
configured as a time multiplexed address (A7-A0O) and data 
bus (D7-DO) in the expanded multiplexed mode where ad- 
dress strobe (AS) can be used to demultiplex the two buses. 
Port 3 is held in a high-impedance state between valid ad- 
dress and data to prevent bus conflicts. 


P40-P47 (PORT 4) 

Port 4 is configured as an 8-bit 1/O port, as address out- 
puts, or aS data inputs depending on the operating mode. 
Port 4 can drive one Schottky TTL load and 90 pF, and is the 
only port with internal pullup resistors. Unused lines can re- 
main unconnected. 


PORT 4.IN SINGLE-CHIP MODE — In single-chip mode, 
port 4 functions as an 8-bit |/O port with each line con- 
figured by the port 4 data direction register. Internal pullup 
resistors allow the port to directly interface with CMOS at 
5-volt levels. External pullup resistors to more than 5 volts, 
however, cannot be used. 


PORT 4 IN EXPANDED NON-MULTIPLEXED MODE — 
Port 4 is configured from reset as an 8-bit input port where 
the port 4 data direction register can be written to provide 
any or all of eight address lines AO to A7. Internal pullup 
resistors pull the lines high until the port 4 data direction 
register is configured. 
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PORT 41N EXPANDED MULTIPLEXED MODE — In all ex- 
panded multiplexed modes except modes 1 and 6, port 4 
functions as half of the address bus and provides A8 to A15. 
In modes 1 and 6, the port is configured from reset as an 
8-bit parallel input port where the port 4 data direction 
register can be written to provide any or all of upper address 
lines A8 to A15. Internal pullup resistors pull the lines high 
until the port 4 data direction register is configured where bit 
0 controls A8. 


RESIDENT MEMORY 

The EF6801U4 provides 4096 bytes of on-chip ROM 
and 192 bytes of on-chip RAM. 

Thirty-two bytes of the RAM are powered through the 
Vcc standby pin and are maintainable during Vcc power 
down. This standby portion of the RAM consists of 32 bytes 
located from $40 through $5F in all modes except mode 3 
which is $D040 through $DO5F. 

Power must be supplied to Vcc standby if the internal 
RAM is to be used regardless of whether standby power 
Operation is anticipated. 

The RAM is controlled by the RAM control register. 


RAM CONTROL REGISTER ($14) 


The RAM control register includes two bits which can be 
used to control RAM accesses and determine the adequacy 
of the standby power source during power-down operation. 
It is intended that RAME be cleared and STBY PWR be set 
as part of a power-down procedure. 


RAM CONTROL REGISTER 
7 6 5 4 3 2 1 0 





Bits 0-5 Not used. 


Bit 6 RAM Enable — This read/write bit can be used to 
remove the entire RAM from the internal memory 
map. RAME is set (enabled) during reset provided 
standby power is available on the positive edge of 
RESET. If RAME is clear, any access to a RAM ad- 
dress is external. If RAME is set, the RAM is includ- 
ed in the internal map. 





Bit 7 Standby Power — This bit is a read/write status bit 
which when cleared indicates that Vcc standby 
has decreased sufficiently below VsppB (minimum) 
to make data in the standby RAM suspect. It can 
be set only by software and is not affected during 


reset. 


PROGRAMMABLE TIMER 
The programmable timer can be used to perform 
measurements on two separate input waveforms while in- 
dependently generating three output waveforms. Pulse 
widths can vary from several microseconds to many 
seconds. A block diagram of the timer is shown in Figure 21. 


COUNTER ($09:0A), ($15, $16) 
The key timer element is a 16-bit free-running counter 
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which is incremented by E (enable). It is cleared during reset 
and is read-only with one exception: in mode 0 a write to the 
counter ($09) will configure it to $FFF8. This feature, intend- 
ed for testing, can disturb serial operations because the 
counter provides the SCI internal bit rate clock. The TOF is 
set whenever the counter contains all ones. If ETOI is set, an 
interrupt will occur when the TOF is set. The counter may 
also be read as $15 and $16 to avoid inadvertently clearing 
the TOF. 


OUTPUT COMPARE REGISTERS 
($1C:1D) 

The three output Compare registers are 16-bit read/write 
registers, each used to control an output waveform or pro- 
vide an arbitrary time-out flag. They are compared with the 
free-running counter during the negative half of each E cy- 
cle. When a match occurs, the corresponding output com- 
pare flag (OCF) is set and the corresponding output level 
(OLVL) is clocked to an output level register. If both the cor- 
responding output enable bit and data direction register bit 
are set, the value represented in the output level register will 
appear on the corresponding port pin. The appropriate OLVL 
bit can then be changed for the next compare. 

The function is inhibited for one cycle after a write to its 
high byte ($OB, $1A, or $1C) to ensure a valid compare after 
a double byte write. Writes can be made to either byte of the 
Output compare register without affecting the other byte. 
The OLVL value will be clocked out independently of 
whether the OCF had previously been cleared. The output 
compare registers are set to $FFFF during reset. 


($0B:0C), ($1A:1B), 


INPUT CAPTURE REGISTERS ($0D:0E), ($1€:1F) 


The two input capture registers are 16-bit read-only 
registers used to store the free-running counter when a 
“proper” input transition occurs as defined by the cor- 
responding input edge bit (IEDG1 or IEDG2). The input pin’s 
data direction register should be configured as an input, but 
the edge detect circuit always senses P10 and P20 even 
when configured as an output. The counter value will be 
latched into the input capture registers on the second 
negative edge of the E clock following the transition. 

An input capture can occur independently of ICF; the 
register always contains the most current value. Counter 
transfer is inhibited, however, between accesses of a double 
byte MPU read. The input pulse width must be at least two E 
cycles to ensure an input capture under all conditions. — 


TIMER CONTROL AND STATUS REGISTERS 


Four registers are used to provide the EF6801U4/ 
EF6803U4 with control and status information about the 
three output compare functions, the timer overflow func- 
tion, and the two input edge functions of the timer. They 
are: 

Timer Control and Status Register (TCSR) 
Timer Control Register 1 (TCR1) 

Timer Control Register 2 (TCR2) 

Timer Status Register (TSR) 
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FIGURE 21 — BLOCK DIAGRAM OF PROGRAMMABLE TIMER 
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TIMER CONTROL AND STATUS REGISTER (TCSR) 
($08) - The timer control and status register is an 8-bit 
register of which all bits are readable, while only bits 0-4 can 
be written. All the bits in this register are also accessible 
through the two timer control registers and the timer status 
register. The three most significant bits provide the timer 
Status and indicate if: 

1. a proper level transition has been detected at P20, 

2. a match has occurred between the free-running 

counter and output compare register 1, or 

3. the free-running counter has overflowed. 


Each of the three events can generate an IRQ2 interrupt 
and is controlled by an individual enable bit in the TCSR. 


TIMER CONTROL AND STATUS REGISTER 


7 6 5 4 3 2 1 0 
fori [oor [vor [eon [eon Teor] ener ouvii} soe 


Bit 0 Output Level 1 — OLVL1 is clocked to output level 
BitO Output Level 1 — OLVL1 is clocked to output level register 1 by a successful output compare and will 
register 1 by a successful output compare and will appear at P21 if bit 1 of the port 2 data direction 
appear at P21 if bit 1 of the port 2 data direction register is set and the OE1 control bit is Set. OLVL1 
register is set and the OE1 control bit in timer con- and output level register 1 are cleared during reset. 
trol register 1 is set. OLVL1 and output level Refer to TIMER CONTROL AND STATUS 
register 1 are cleared during reset. Refer to TIMER REGISTER (TCSR) ($08). 
CONTROL REGISTER 1 (TCR1) ($17). Bit 1 Output Level 2 — OLVL2 is clocked to output level 
Bit 1 Input Edge 1 — IEDG1 is cleared during reset and register 2 by a successful output Compare and wil 
controls which level transition on P20 will trigger a appear at P11 if bit 1 of port 1 data direction register 
counter transfer to input capture register 1: is set and the OE2 control bit is set. OLVL2 and out- 
IEDG1=0 transfer on a negative-edge put level register 2 are cleared during reset. 
{EDG1= 1 transfer on a positive-edge Bit 2 Output Level 3 — OLVL3 is clocked to output level 
Refer to TIMER CONTROL REGISTER 1 (TCR1) register 3 by a successful output compare and will 
($17). appear at P12 if bit 2 of port 1 data direction register 
Bit 2 Enable Timer Overflow Interrupt — Whefi set, an is set and the OE3 control bit is set. OLVL3 and out- 
TRQ2 interrupt will be generated when the timer put level register 3 are cleared during reset. 
overflow flag is set; when clear, the interrupt is in- Bit 3 Input Edge 1 — IEDG1 is cleared during reset and 
hibited. ETO! is cleared during reset. Refer to controls which level transition on P20 will trigger a 
TIMER CONTROL REGISTER 2 (TCR2) ($18). counter transfer to input capture register 1. 
Bit 3 Enable Output Compare Interrupt 1 — When set, IEDG1=0 transfer on a negative-edge 
an IRQ2 interrupt will be generated when output IEDG1=1 transfer on a positive-edge 
compare flag 1 is set; when clear, the interrupt is in- Refer to TIMER CONTROL AND STATUS 
hibited. EOCI1 is cleared during reset. Refer to REGISTER (TCSR) ($08). 
TIMER CONTROL REGISTER 2 (TCR2) ($18). Bit 4 Input Edge 2 — IEDG2 is cleared during reset and 
Bit 4 Enable Input Capture Interrupt 1 — When set, an controls which level transition on P10 will trigger a 
IRQ2 interrupt will be generated when input cap- counter transfer to input capture register 2. 
ture flag 1 is set; when clear, the interrupt is in- lIEDG2=0 transfer on a negative-edge 
hibited. EICI1 is cleared during reset. Refer to IEDG2= 1 transfer on a positive-edge 
TIMED CONTROL REGISTERS WCher\e18): Bit5 | Output Enable 1 — OE1 is set during reset and 
Bit 5 Timer Overflow Flag — The TOF is set when the enables the contents of output level register 1 to be 
counter contains all ones ($FFFF). It is cleared by connected to P21 when bit 1 of port 2 data direc- 
reading the TCSR or the TSR (with TOF set) and tion register is set. 
the counter high byte ($09), or during reset. Refer OE1=0 port 2 bit 1 data register output 
to TIMER STATUS REGISTER (TSR) ($19). OE1=1 output level register 1 
Bit 6 Output Compare Flag 1 — OCF1 is set when output Bit 6 Output Enable 2 — OE2 is cleared during reset and 
compare register 1 matches the free-running enables the contents of output level register 2 to be 
counter. OCF1 is cleared by reading the TCSR or connected to P11 when bit 1 of port 1 data direc- 
the TSR (with OCF1 set) and then writing to output tion register is set. 
compare register 1 ($OB or $OC), or during reset. OE2=0 port 1 bit 1 data register output 
Refer to TIMER STATUS REGISTER (TSR) ($19). OE2= 1 output level register 2 
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Bit 7 Input Capture Flag — ICF1 is set to indicate that a 
proper level transition has occurred; it is cleared by 
reading the TCSR or the TSR (with ICF1 set) and 
the input capture register 1 high byte ($OD), or dur- 
ing reset. Refer to TIMER STATUS REGISTER 


(TSR) ($19). 
TIMER CONTROL REGISTER 1 (TCR1) ($17) — Timer 
control register 1 is an 8-bit read/write register which con- 


tains the control bits for interfacing the output compare and 
input capture registers to the corresponding |/O pins. 


TIMER CONTROL REGISTER 1 


7 6 5 4 3 2 1 0 
oes [oe [on [wom feocfovafoafow) + 
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Bit 7 Output Enable 3 — OE3 is cleared during reset and 
enables the contents of output level register 3 to be 
connected to P12 when bit 2 of port 1 data direc- 
tion register is set , 

OE3=0 port 1 bit 2 data register output 


OE3= 1 output level register 3 


TIMER CONTROL REGISTER 2 (TCR2) ($18) — Timer 
control register 2 is an 8-bit read/write register (except bits 0 
and 1) which enable the interrupts associated with the free- 
running counter, the output compare registers, and the input 
capture registers. In test mode 0, two more bits (clock and 
test) are available for checking the timer. 


TIMER CONTROL REGISTER 2 
(Non-Test Modes) 


7 6 5 4 3 2 1 0 


Bits 0-1 Read-Only Bits — When read, these bits return a 
value of 1. Refer to TIMER CONTROL REGISTER 2 


(Test Mode). 
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Bit O CLOCK — The CLOCK control bit selects which 
half of the 16-bit free-running counter (MSB or 
LSB) should be clocked with E. The CLOCK bit isa 
read/write bit only in mode 0 and is set during 
reset. 
CLOCK =0 — Only the eight most significant bits 
of the free-running counter run with TEST =0. 
CLOCK =1 — Only the eight least significant bits 
of the free-running counter run when 
TEST=0. 


TEST — the TEST control bit enables the timer test 
mode. TEST is a read/write bit in mode 0 and is set 
during reset. 

TEST =0 — Timer test mode enabled: 

a) The timer LSB latch is transparent which 
allows the LSB to be read independently 
of the MSB. 

b) Either the MSB or the LSB of the timer is 
clocked by E, as defined by the CLOCK 
bit. 

TEST=1 — Timer test mode disabled. 
See TIMER CONTROL REGISTER 2 (Non-Test 
Modes). (These bits function the same as in the 
non-test modes.) 


Bit 1 


Bits 2-7 


Bit 2 Enable Timer Overflow Interrupt — When set, an : 
[RQ2 interrupt will be generated when the timer TIMER STATUS REGISTER (TSR) ($19) — The timer 
overflow flag is set; when clear, the interrupt is in- Status register is an 8-bit read-only register which contains 
hibited. ETO! is cleared during reset. Refer to the flags associated with the free-running counter, the out- 
TIMER CONTROL AND STATUS REGISTER put compare registers, and the input capture registers. 
(TCSR) ($08). TIMER STATUS REGISTER 

Bit 3 Ene out Compare Interrupt 1 — When set, j 6 5 4 3 9 1 0 
an IRQ2 interrupt will be generated when the out- 
put compare flag 1 is set; when clear, the interrupt jicr2 | icr1 | ocr3} ocr2] ocri| tor | 1 [| 1 | $19 
is inhibited. EOCI1 is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REGISTER Bits 0-1 Not used. 

(TCSR) ($08). Bit 2. Timer Overflow Flag — The TOF is set when the 

Bit 4 Enable Output Compare Interrupt 2 — When set, counter contains all ones ($FFFF). It is cleared by 
an IRQ2 interrupt will be generated when the out- reading the TSR or the TCSR (with TOF set) and 
put compare flag 2 is set; when clear, the interrupt then the counter high byte ($09), or during reset. 
is inhibited. EOCI2 is cleared during reset. Refer to TIMER CONTROL AND STATUS 

Bit 5 Enable Output Compare Interrupt 3 — When set, Bee cuentas 
an IRQ2 interrupt will be generated when the out- Bit3 | Output Compare Flag 1 — OCF1 is set when output 
put compare flag 3 is set; when clear, the interrupt compare register 1 matches the free-running 
is inhibited. EOCIS is cleared during reset. counter. OCF1 is cleared by reading the TSR or the 

Bit6 Enable Input Capture Interrupt 1 — When set, an TCSR (with OCF1 set) and then writing to output 
(ROQ2 interrupt will be generated when the input compare register 1 (SOB or SOC), or during reset. 
capture flag 1 is set; when clear, the interrupt is in- Refer to TIMER CONTROL AND STATUS 
hibited. EICI1 is cleared during reset. Refer to REGISTER (TCSR) ($08). 

TIMER CONTROL AND STATUS REGISTER Bit4 | Output Compare Flag 2 — OCF2 is set when output 
(TCSR) ($08). compare register 2 matches the free-running 

Bit 7 Enable Input Capture Interrupt 2 — When set, an counter. OCF2 is cleared by reading the TSR (with 
[RQ2 interrupt will be generated when the input OCF2 set) and then writing to output compare 
capture flag 2 is set; when clear, the interrupt is in- register 2 ($1A or $1B), or during reset. 
hibited. EICI2.is cleared during reset. Bit5 | Output Compare Flag 3 — OCF3 is set when output 

The timer test bits (test and clock) allow the free-runnin pon ates eae ae ee ie. mee nie 
g counter. OCF3 is cleared by reading the TSR (with 
counter to be tested as two separate 8-bit counters to speed OCF3 set) and then writing to output compare 

ERS TING: register 3 ($1C or $1D), or during reset. 

Bit 6 Input Capture Flag 1 — !CF1 is set to indicate that a 
TIMER CONTROL REGISTER 2 proper level transition has occurred; it is cleared by 
(Test Mode) reading the TSR or the TCSR (with ICF1 set) and 
7 6 5 4 3 2 1 0 the input capture register 1 high byte (SOD), or dur- 
8 STATUS REGISTER (TCSA) (08) 
26/44 
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Bit 7 Input Capture Flag 2 — !CF2 is set to indicate that a 
proper level transition has occurred; it is cleared by 
reading the TSR (with ICF2 set) and the input cap- 
ture register 2 high byte ($1), or during reset. 


SERIAL COMMUNICATIONS INTERFACE 


A full-duplex asynchronous serial communications inter- 
face (SCI) is provided with two data formats and a variety of 
rates. The SCI transmitter and receiver are functionally in- 
dependent but use the same data format and bit rate. Serial 
data formats include standard mark/space (NRZ) and bi- 
phase and both provide one Start bit, eight data bits, and one 
stop bit. “Baud” and ‘bit rate’’ are used synonymously in 
the following description. 


WAKE-UP FEATURE 


In a typical serial loop multiprocessor configuration, the 
software protocol will usually identify the addressee(s) at the 
beginning of the message. In order to permit uninterested 
MPUs to ignore the remainder of the message, wake-up 
feature is included whereby all further SC! receiver flag (and 
interrupt) processing can be inhibited until its data line goes 
idle. An SCI receiver is re-enabled by an idle string of ten 
consecutive ones or during reset. Software must provide for 





the required idle string between consecutive messages and 
prevent it within messages. 


PROGRAMMABLE OPTIONS 
The following features of the SCI are programmable: 
@ Format: standard mark/space (NRZ) or bi-phase 
@ Clock: externa! or internal bit rate clock 


@ Baud: one of eight per E clock frequency or external 
clock (x8 desired baud) 


@ Wake-Up Feature: enabled or disabled 


@® Interrupt Requests: enabled individually for transmitter 
and receiver 


@® Clock Output: internal bit rate clock enabled or disabled 
to P22 


SERIAL COMMUNICATIONS REGISTERS 


The serial communications interface includes four ad- 
dressable registers as depicted in Figure 22. It is controlled 
by the rate and mode control register and the 
transmit/receive control and status register. Data is transmit- 
ted and received utilizing a write-only transmit register and a 
read-only receive register. The shift registers are not accessi- 
bie to software. 


FIGURE 22 — SCI REGISTERS 
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RATE AND MODE CONTROL REGISTER (RMCR) ($10) 
— The rate and,mode control register controls the SCI bit 
rate, format, clock source, and under certain conditions, the 
configuration of P22. The register consists of five write-only 
bits which are cleared during reset. The two least significant 
bits in conjunction with bit 7 control the bit rate of the inter- 
nal clock and the remaining two bits control the format and 
clock source. 


RATE AND MODE CONTROL REGISTER 
6 5 4 3 2 1 0 


7 


Bit 1:BitO SS1:SSO Speed Select — These two bits select 
the baud when using the internal clock. Eight 
rates may be selected (in conjunction with bit 7) 
which are a function of the MCU input frequen- 
cy. Table 6 lists bit time and rates for three 
selected MCU frequencies. 


CC1:CCO Clock Control and Format Select — 
These two bits control the format and select the 
serial clock source. If CC1 is set, the DDR value 





Bit 3:Bit 2 


for P22 is forced to the complement of CCO and 
cannot be altered until CC1 is cleared. If CC1 is 
cleared after having been set, its DDR value is 
unchanged. Table 7 defines the formats, clock 
source, and use of P22. 


Not used. 


EBE Enhanced Baud Enable — EBE selects the 
standard EF6801 baud rates when clear and the 
additional baud rates when set (Table 6). This 
bit is cleared by reset and is a write-only control 
bit. 
EBE=0 standard EF6801 baud rates 
EBE=1 additional baud rates 


If both CC1 and CCO are set, an external TTL-compatible 
clock must be connected to P22 at eight times (8x) the 
desired bit rate, but not greater than E, with a duty cycle of 
50% (+ 10%). If CC1:CCO= 10, the internal bit rate clock is 
provided at P22 regardless of the values for TE or RE. 


Bits 4-6 
Bit 7 


NOTE 
The source of SCI internal bit rate clock is the timer 
free-running counter. An MPU write to the counter in 
mode 0 can disturb serial operations. 


TABLE 6 — SCi BIT TIMES AND RATES 
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0 
0 
0 
0 
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|___ 300.0 | 3.33 ms | 
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Time Baud Time 


13.0 ps 
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TABLE 7 — SCi FORMAT AND CLOCK SOURCE CONTROL 
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01 
10 
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TRANSMIT/RECEIVE CONTROL AND STATUS 
REGISTER (TRCSR) ($11) — The transmit/receive control 
and status register Controls the transmitter, receiver, wake- 
up feature, and two individual interrupts, and monitors the 
status of sernal operations. All eight bits are readable while 
bits 0 to 4 are also writable. The register is initialized to $20 
by RESET. 





TRANSMIT/RECEIVE CONTROL AND STATUS REGISTER 


7 6 5 4 3 2 1 0 


Bit O “Wake-Up” on Idle Line — When set, WU enables 
the wake-up function; it is cleared by ten con- 
secutive ones or during reset. WU will not be set if 


the line is idle. Refer to WAKE-UP FEATURE. 


Transmit Enable — When set, P24 DDR bit is set, 
cannot be changed, and will remain set if TE is 
subsequently cleared. When TE is changed from 
clear to set, the transmitter is connected to P24 and 
a preamble of nine consecutive ones is transmitted. 
TE is cleared during reset. 


Bit 1 


Bit 2 Transmit Interrupt Enable — When set, an IRQ2 is 
set; when clear, the interrupt is inhibited. TE is 


cleared during reset. 


Receive Enable — When set, the P23 DDR bit is 
cleared, cannot be changed, and will remain clear if 
RE is subsequently cleared. While RE is set, the SCI 
receiver is enabled. RE is cleared during reset. 


Bit 3 


Bit 4 Receiver Interrupt Enable — When set, an IRQ2 in- 
terrupt is enabled when RDRF and/or OREFE is set; 
when clear, the interrupt is inhibited. RIE is cleared 


during reset. 


Bit 5 Transmit Data Register Empty — TDRE is set when 
the transmit data register is transferred to the out- 
put serial shift register or during reset. It is cleared 
by reading the TRCSR (with TDRE set) and then 
writing to the transmit data register. Additional 
data will be transmitted only if TDRE has been 


cleared. 





Bit 6 Overrun Framing Error — If set, ORFE indicates 
‘either an overrun or framing error. An overrun is a 
new byte ready to transfer to the receiver data 
register with RDRF still set. A receiver framing error 
has occurred when the byte boundaries of the bit 
stream are not synchronized to the bit counter. An 
overrun can be distinguished from a framing error 
by the state of RDRF: if RDRF is set, then an over- 
run has occurred; otherwise, a framing error has 
been detected. Data is not transferred to the 
receive data register in an overrun Condition. Un- 
framed data causing a framing error is transferred 
to the receive data register. However, subsequent 
data transfer is blocked until the framing error flag 
is Cleared. ORFE is cleared by reading the TRCSR 
(with ORFE set) then the receive data register, or 
during reset. 


Bit 7 Receive Data Register Full — RDRF is set when the 
input serial shift register is transferred to the receive 


data register, or during reset. 


SERIAL OPERATIONS 


The SCI is initialized by writing control bytes first to the 
rate and mode control register and then to the 
transmit/receive control and status register. When TE is set, 
the output of the transmit serial shift register is connected to 
P24 and serial output is initiated by transmitting a 9-bit 
preamble of ones. 

At this point, one of two situations exists: 1) if the transmit 
data register is empty (TDRE=1), a continuous string of 
ones will be sent indicating an idle line; or 2) if a byte has 
been written to the transmit data register (TDRE=0), it will 
be transferred to the output serial shift register (synchro- 
nized with the bit rate clock), TDRE will be set, and transmis- 
sion will begin. 

The start bit (0), eight data bits (beginning with bit 0), and 
a stop bit (1) will be transmitted. If TDRE is still set when the 
next byte transfer occurs, ones will be sent until more data is 
provided. In bi-phase format, the output toggles at the start 
of each bit and at half-bit time when a one is sent. Receive 
operation is controlled by RE which configures P23 as an in- 
put and enables the receiver. SCI data formats are illustrated 
in Figure 23. 


FIGURE 23 — SCI DATA FORMATS 
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INSTRUCTION SET 


The EF6801U4/EF6803U4 is directly source compati- 
ble with the EF6801 and upward source and object code 
compatible with the EF6800. Execution times of key ins- 
tructions have been reduced and several instructions have 
been added, including a hardware multiply. A list of new 
operations added to the EF6800 instruction set is shown 
in Table 1. 

In addition, two special opcodes, 4E and 5E, are provided 
for test purposes. These opcodes force the program counter 


to increment like a 16-bit counter causing address lines used 
in the expanded modes to increment until the device is reset. 
These opcodes have no mnemonics. 

The coding of the first (or only) byte corresponding to an 
executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 82 
instructions in all valid modes of addressing, are shown in 
Table 8. There are 220 valid machine codes, 34’ unassigned 
codes, and 2 codes reserved for test purposes. 


TABLE 8 — CPU INSTRUCTION MAP 


MNEM MODE MNEM MODE # |OP  MNEM MODE MNEM MODE # MNEM MODE 


DES INHER 
NOP INHER 2 TXS 
PSHA 
PSHB 
PULX 
RTS 
ABX 
RTI 
PSHX 
MUL 
WAI 
Swi 
NEGA 


e 

e 

COMA ASR 
LSRA ASL 
e ROL 
RORA DEC 
ASRA ° 
ASLA INC 
ROLA TST 
DECA JMP 


NNNYNY NYY NYY W WH NY W W 
Ce i a a a 


° CLR EXTND 
INCA SUBA IMMED 


TSTA CMPA 
T SBCA 
CLRA _ SUBD 
NEGB ANDA 
° BITA 
. LDAA 
COMB . 
LSRB EORA 
. ADCA 
RORB ORAA 
ASRB ADDA 
ASLB CPX 
ROLB BSR 
DECB LDS 

e e 
INCB SUBA 
TSTB CMPA 
T SBCA 
CLRB SUBD 
NEG ANDA 
. BITA 
. LDAA 
COM STAA 
LSR EORA 
. ADCA 
ROR ORAA 
ASR INDXD ADDA 


PeaWW WWW WWW WW WWW WW WwW Ww Ww 
~~ RK NONNNNNN NNN AN H/H NH LP NH 


NOTES: 
1. Addressing Modes 
INHER=Inherent !NDOXD=Indexed IMMED=Immediate 
REL =Relative EXTND=Extended DIR=Direct 





= 


SUBB_ DIR 
CMPB 
02 SBCB 
03 ADDD 
D4 ANDB 
D5 ~~ —«BITB 
D6 = LDAB 
D7 = STAB 
D8 EORB 
09 ADCB 
DA ORAB 
DB ADDB 
oc Lod 
DD STD 
DE LDX 
DF STX 
£0 SUBB 
Ee} CMPB 
E2 SBCB 
ADDD 
ANDB 
BITB 


2 

2 

2 
DIR 2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 LDAB 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
3 
2 
2 
2 


INOXD 


ao om 
W Ww 


OMOA © 
WWW Ww & 


STAB 
EORB 
ADCB 
ORAB 
ADODB 
LDD 
STD 
LDX 
STX 
SUBB 
CMPB 
SBCB 
ADODD 
ANDB 
BITB 
LDAB 
STAB 
EORB 


NOM DY FH DY HY DW ® ®D 
NON NM WNHYDY DY WW W WD 


CPX 
JSR 
LOS 
STS 
SUBB 
CMPB 
SBCB 
ADDD 
ANDB 
BITB ADCB 

LDAB ORAB 

° ADDB 

EORB LOD 

ADCB STD 

ORAB LOX 

ADDB STX EXTND 
LDD 

° * UNDEFINED OP CODE 
LOX 


WO FHM NHN NH 
WH WN NH NH NY 


5 
5 
4 
4 
4 
4 
4 
6 
4 
4 
4 
4 
4 
4 
4 
4 
6 
6 
5 
5 
4 
4 
4 
6 
4 
4 
4 
4 
4 
4 
4 
4 
6 
6 
5 
5 
2 
2 
2 
4 
2 
2 
2 


aaa nr fk fF A HAHA DAHA OTAAA THA AAA AA HAMOADAA RA A HA AWW WWW WWW OW Ww Ww 
DWBWWWWWWWWWWWWWWHWWNHNNHNN NNN NY HY YN HH NY NY HN | A\Y HH LY A\Y NY YH NH ND WD A 


WWWWWY WOM Ww ww 
NONNNNNNYNYNYNY ND PD 


2. Unassigned opcodes are indicated by ‘’e’’ and should not be executed. 
3. Codes marked by ‘’T’’ force the PC to function as a 16-bit counter. 
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PROGRAMMING MODEL 

A programming model for the EF6801U4/EF6803U4 is 
shown in Figure 8. Accumulator A can be concatenated with 
accumulator B and jointly referred to as accumulator D 
where A is the most significant byte. Any operation which 
modifies the double accumulator will also modify ac- 
cumulators A and/or B. Other registers are defined as 
follows: 


PROGRAM COUNTER -— The program counter is a 16-bit 
register which always points to the next instruction. 


STACK POINTER — The stack pointer is a 16-bit register 
which contains the address of the next available location in a 
pushdown/pullup (LIFO) queue. The stack resides in 
random-access memory at a location defined by the pro- 
grammer. 


INDEX REGISTER — The index register is a 16-bit register 
which can be used to store data or provide an address for the 
indexed mode of addressing. 


ACCUMULATORS — The MPU contains two 8-bit ac- 
cumulators, A and B, which are used to store operands and 
results from the arithmetic logic unit (ALU). They can also be 
concatenated and referred to as the D (double) accumulator. 


CONDITION CODE REGISTER — The condition code 
register indicates the results of an instruction and includes 
the following five condition bits: negative (N), zero (Z), 
overflow (V), carry/borrow from MSB (C), and half carry 
from bit 3 (H). These bits are testable by the conditional 
branch instructions. Bit 4 is the interrupt mask (1 bit) and in- 
hibits all maskable interrupts when set. The two unused bits, 
B6 and B/7, are read as ones. 


ADDRESSING MODES 


Six addressing modes can be used to reference memory. 
A summary of addressing modes for all instructions is 
presented in Tables 9, 10, 11, and 12 where execution times 
are provided in E cycles. Instruction execution times are 
summarized in Table 13. With an input frequency of 4 MHz, 
one E cycle is equivalent to one microsecond. A cycle-by- 
cycle description of bus activity for each instruction is pro- 
vided in Table 14 and descriptions of selected instructions 
are shown in Figure 24. 


IMMEDIATE ADDRESSING — The operand or “im- 
mediate byte(s)"’ is contained in the following byte(s) of the 
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instruction where the number of bytes matches the size of 
the register. These are two or three byte instructions. 


DIRECT ADDRESSING — The least significant byte ot the 
operand address is contained in the second byte of the in- 
struction and the most significant byte is assumed to be $00. 
Direct addressing allows the user to access $00 through $FF 
using two byte instructions and execution time is reduced by 
eliminating the additional memory access. In most applica- 
tions, the 256-byte area is reserved for frequently referenced 
data. 


EXTENDED ADDRESSING — The second and third bytes 
of the instruction contain the absolute address of the 
operand. These are three byte instructions. 


INDEXED ADDRESSING — The unsigned offset con- 
tained in the second byte of the instruction is added with 
carry to the index register and is used to reference memory 
without changing the index register. These are two byte in- 
structions. 


INHERENT ADDRESSING — The operand(s) is a register 
and no memory reference is required. These are single byte 
instructions. 


RELATIVE ADDRESSING — Relative addressing is used 
only for branch instructions. If the branch condition is true, 
the program counter is overwritten with the sum of a signed 
single byte displacement in the second byte of the instruc 
tion and the current program counter. This provides a 
branch range of — 126 to + 129 bytes from the first byte of 
the instruction. These are two byte instructions. 


SUMMARY OF CYCLE-BY-CYCLE OPERATION 


Table 14 provides a detailed description of the information 
present on the address bus, data bus, and the read/write 
(R/W) line during each cycle of each instruction. 

The information is useful in comparing actual with ex- 
pected results during debug of both software and hardware 
as the program is executed. The information is categorized i:; 
groups according to addressing mode and number of cycles 
per instruction. In general, instructions with the same ad- 
dressing mode and number of cycles execute in the same 
manner. Exceptions are indicated in the table. 

Note that during MPU reads of internal locations, the 
resultant value will not appear on the external data bus ex- 
cept in mode 0. ‘’High order’’ byte refers to the most signifi- 
cant byte of a 16-bit value. 
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TABLE 9 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 1 of 2) 
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 2 of 2) 


Condition Codes 


Accumulator and 
Memory Operations 


Decimal Adjust, A 


Expression 


— 


| | [36] 3] 1 | A— Stack 
LT fe7[s osteo 


AS eee, eee a Wee ee ah ele 


fe 
Ew 
6 
Z 
La 
a 
4 
6 
Pe 
i 
a 
5 | 
6 | 
| 
i 
a 
Ee 
ca 
| 
a 
|| 
6 | 
= 
es 
|_| 
4 


2's Complement (Negate) 


Exclusive OR 

Increment 

Load Accumulators 

Load Double 

Logical Shift, Left 

Shift Right, Logical 
| No Operation 

Push Data 

Pull Data 

Rotate Left 


Decrement 
| Inclusive OR 


Multiply 


Rotate Right 


Subtract Accumulator 


Subtract with Carry 


BE 
mw 
el 
N 
E] 
ca 
g 
N 
fa) 
Ss 
ai 
N 
O 


5 
o 


}3 | 2} a7] 4 [2 187] 


IC 
Tas} | | jo7{3 | 2 er] 4 | 2 |r, 
Si {| |_1_(po 4 f2 eo] & 12 Jeo 


TAA 


v2) 


Store Accumulators 


2p) 


saleo}2 | 2}s0} 3 {2 [aol « {2 boo 


Subtract 


|2}oo] 3 {2 feo] 4 [2 [Fo | 
sfe[a|es[s[2[asl 6 [2 Tea 
ttt tt tt 


Subtract Double 


Transfer Accumulator 


st eae leah 





Test, Zero or Minus 


The condition code register notes are listed after Table 12. 
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TABLE 11 ~ JUMP AND BRANCH INSTRUCTIONS 
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CLV 
sec [oo [2 [1 
[Set Interupt Mask—SSSCSC~C~C~C~C~“~‘~*~“~*~*sY SO 
sev [oe [2 [1 
[Accumulator A=CCRSCSC~C~SCS STP 
TPA 


LEGEND CONDITION CODE SYMBOLS 
Op Operation Code (Hexadecimal) Half-carry from bit 3 
Number of MPU Cycles Interrupt mask 


H 
~ | 
Msp Contents of memory location pointed to by Stack Pointer N Negative (sign bit) 

# Number of Program Bytes Z Zero (byte) 

+ Arithmetic Plus V_ Overflow, 2's complement 
— . Arithmetic Minus C Carry/Borrow from MSB 
® Boolean AND R Reset Always 
X Arithmetic Multiply S Set Always 

+ Boolean Inclusive OR { Affected 

@ Boolean Exclusive OR ¢ Not Affected 

M Complement of M 

—» Transfer Into 
QO Bit= Zero 

00 Byte= Zero 
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TABLE 13 — INSTRUCTION EXECUTION TIMES IN E-CYCLES 


ADDRESSING MODE ADDRESSING MODE 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 1 of 5) 


Address Mode and Cycle | R/W 
Instructions Cycles} # Address Bus Line 


IMMEDIATE 


Opcode Address 
Opcode Address + 1 


Opcode Address 


Opcode Address + 1 
Opcode Address + 2 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address Bus FFFF 





DIRECT 
ADC Opcode Address 
Opcode Address + 1 


Address of Operand 


Opcode Address 
Opcode Address + 1 
Destination Address 
Opcode Address 
Opcode Address + 1 
Address of Operand 


Opcode Address 
Opcode Address + 1 
Address of Operand 


Opcode Address 
Opcode Address + 1 
Operand Address 


Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Subroutine Address 
Stack Pointer 
Stack Pointer — 1 


ee eee see es 


Operand Address + 1 


Address of Operand + 1 


Operand Address + 1 








Data Bus 


Opcode 
Operand Data 


Opcode 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
UOpcode 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 





Opcode 
Address of Operand 
Operand Data 


Opcode . 
Destination Address 
Data from Accumulator 


| Opcode 


Address of Operand 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 


| Address of Operand 


Register Data (High Order Byte) 
Register Data (Low Order Byte) 
Opcode 

Address of Operand 


| Operand Data (High Order Byte) 


Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


| Opcode 


Irrelevant Data 

First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 2 of 5) 


Address Mode and Cycle R/W 
Instructions Cycles} # Address Bus Line Data Bus 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 


Opcode Address 

Opcode Address + 1 
Opcode: Address + 2 
Address of Operand 


Opcode Address 

Opcode Address + 1 

Opcode Address + 2 

Operand Destination Address 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address of Operand + 1 
Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address of Operand + 1 
Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address Bus FFFF 
Address of Operand 


Opcode Address 


| Opcode Address + 1 


Opcode Address + 2 
Operand Address 
Operand Address + 1 
Address Bus FFFF 


Opcode Address 

Opcode Address + 1 

Opcode Address + 2 
Subroutine Starting Address 
Stack Pointer 

Stack Pointer — 1 


Opcode 
Jump Address (High Order Byte) 
Jump Address (Low Order Byte) 


Opcode 

Address of Operand 

Address of Operand (Low Order Byte) 
Operand Data 


Opcode 

Destination Address (High Order Byte) 
Destination Address (Low Order Byte) 
Data from Accumulator 


Opcode 

Address of Operand (High Order Byte) 
Addréss of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Opcode 

Address of Operand {High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Opcode 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 

Low Byte of Restart Vector 

New Operand Data 

Opcode 

Operand Address (High Order Byte) 
Operand Address (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

Low Byte of Restart Vector 


Opcode 


Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 


Opcode of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 





*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus = $FFFF. 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 3 of 5) 


Address Mode and Cycle R/W 
Instructions Cycles} # Address Bus Line Data Bus 


INDEXED 





Opcode Address 

Opcode Address + 1 
Address Bus FFFF 
Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 


Opcode 

Offset 

Low Byte of Restart Vector 
Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data 


HPWH H|$WKh — 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 


Opcode Address 

Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset + 1 


Opcode Address 

‘Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Pius Offset+ 1 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 
Address Bus FFFF 

Index Register Plus Offset 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register + Offset 
index Register + Offset + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Index Register + Offset 
Stack Pointer 

Stack Pointer— 1 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Offset 

Low Byte of Restart Vector 
Current Operand Data 

Low Byte of Restart Vector 
New Operand Data 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 

Offset 

Low Byte of Restart Vector 

First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 


4 1 

2 

3 

4 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 


ON WNH H1O HO fh WHD HID Hh Wh — 





*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF. 
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ABX 


ASLD 
LSRD 


DES 
INS 


INX 
DEX 


PSHA 
PSHB 
TSX 


TXS 


PULA 
PULB 


PSHX 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 4 of 5) 


Address Mode and Cycle R/W 
Instructions Cycles; # Address Bus Line Data Bus 


Opcode Address 
Opcode Address + 1 





Opcode Address 
Opcode Address + 4 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 


Previous Stack Pointer Contents 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 





Opcode Address 
Opcode Address + 1 







Stack Pointer 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 


Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer— 1 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer +2 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer +1 
Stack Pointer +2 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer-— 1 





Stack Pointer — 2 
Stack Pointer —3 
Stack Pointer —4 
Stack Pointer —5 
Stack Pointer —6 












THOMSON SEMICONDUCTEURS 


Opcode 
Opcode of Next Instruction 


Opcode 
Irrelevant Data 
Low Byte of Restart Vector 


Opcode 
Irrelevant Data 
Low Byte of Restart Vector 


Opcode 
Opcode of Next Instruction 
Irrelevant Data 


Opcode 

Opcode of Next Instruction 
Low Byte of Restart Vector 
Opcode 

Opcode of Next Instruction 
Accumulator Data 


Opcode 
Opcode of Next Instruction 
Irrelevant Data 


Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 


1 

1 

1 

1 

1 

1 

1 Opcode 

1 Opcode of Next Instruction 

1 Irrelevant Data 

1 Operand Data from Stack 

1 Opcode 

1 Irrelevant Data 

O | Index Register (Low Order Byte) 
QO | Index Register (High Order Byte) 


Opcode 
irrelevant Data 

Irrelevant Data 

Index Register (High Order Byte) 
index Register (Low Order Byte) 
Opcode 
Irrelevant Data 

Irrelevant Data 

Address of Next Instruction (High Order Byte) 
Address of Next Instruction (Low Order Byte) 


Opcode 

Opcode of Next Instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
index Register {High Order Byte) 
Contents of Accumulator A 
Contents of Accumuiator B 
Contents of Condition Code Register 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5) 


Address Mode and Cycle R/WI 
Instructions Cycles} # Address Bus Line Data Bus 


INHERENT 





Opcode Address 

| Opcode Address + 1 
Address Bus FFFF 
Address Bus FFFF 

| Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer+ 2 
Stack Pointer+3 
Stack Pointer +4 
Stack Pointer+5 
Stack Pointer+6 
Stack Pointer +7 


Opcode Address 

Opcode Address + 1 

Stack Pointer 

Stack Pointer — 1 

Stack Pointer — 2 

Stack Pointer —-3 

Stack Pointer —4 

Stack Pointer—5 

Stack Pointer —6 

Stack Pointer —7 

Vector Address FFFA (Hex) 
Vector Address FFFB (Hex) 


Opcode 

Irrelevant Data 

Low Byte of Restart Vector 

Low Byte of Restart Vector 

Low Byte of Restart Vector 

Low Byte of Restart Vector 

Low Byte of Restart Vector 

Low Byte of Restart Vector 

Low Byte of Restart Vector 

Low Byte of Restart Vector 

Opcode 

Irrelevant Data 

irrelevant Data 

Contents of Condition Code Register from Stack 
Contents of Accumulator B from Stack 

Contents of Accumulator A from Stack 

Index Register from Stack (High Order Byte) 

Index Register from Stack (Low Order Byte) 

Next Instruction Address from Stack (High Order Byte) 
Next Instruction Address from Stack (Low Order Byte) 


Opcode 

Irrelevant Data 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 

Index Register (Low Order Byte) 

Index Register (High Order Byte) 
Contents of Accumulator A 

Contents of Accumulator B 

Contents of Condition Code Register 
Irrelevant Data 

Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 


SDP MNDAMNHBWNH AIF ODNOODh WH = 


SO OMNAN AWN — 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
71 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 


BNE BLO Opcode Address Opcode 

BPL BHS Opcode Address + 1 1 Branch Offset 
BRA BRN Address Buss FFFF Low Byte of Restart Vector 
BVC 


Opcode Address Opcode 

Opcode Address + 1 Branch Offset 

Address Bus FFFF Low Byte of Restart Vector 
Subroutine Starting Address Opcode of Next Instruction 

Stack Pointer Return Address (Low Order Byte) 
Stack Pointer —1 Return Address (High Order Byte) 
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vbo/iv 


JSR, Jump to Subroutine 


PC 


Direct 
RT™N 
PC 
INDXD 
RTN 
PC 
EXTND 
RTN 


BSR, Branch To Subroutine 


PC 


RTN 


RTS, Return from Subroutine 


PC 


Legend: 


Main Program 


$9D = JSR 


Next Main Instr. 






K = Direct Address 


Main Program 


SAD=JSR 
K = Offset 


Next Main Instr. 







Main Program 


$BD=JSR 


 SH-= Subr. Addr. 
SL= Subr. Addr. 






Next Main Inst. 






Main Program 
$8D= BSR 


+ K = Offset 





Subroutine 


$39= RTS 


FIGURE 24 — SPECIAL OPERATIONS 


Stack 


RTNy 
RTN,. 


Stack 


RTNY 
RTN i 


Stack 


RTNH 
RTNi 


RTN= Address of next instruction in Main Program to be executed upon return from subroutine 
RTNH= Most significant byte of Return Address 
RTN, = Least significant byte of Return Address 
— = Stack Pointer After Execution 


K =8-bit Unsigned Value 


SWI, Software interrupt 


PC 
RTN 


WAI, Wait for Interrupt 


~~ = «PE 
RTN 


RTI, Return from Interrupt 


PC 


INDXD 


X+K 


$3F = SWI Ee 
$3E = WAI = 


Interrupt Program 


$3B = RTI > 


S6E = JMP 
K = Offset 
e 
e 


Next Instruction 


SP 


Gpa7 
SP-6 
SP-5 
SP—4 
SP-3 
SP 2 
SP-4 

SP 


K 





















Stack 
ae 







: Stack 

aa 

| Index Register (X,) | Register (X_)} 
Main Program 


Next Instruction 
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PHYSICAL DIMENSIONS 


CB-182 


(1). Nominal dimension 
(2) True geometrical position 





40 pins 


P SUFFIX 
PLASTIC PACKAGE 





CB-521 





FN SUFFIX 
PLCC 44 


1 
Q533 





v 
MO-047-AC CB- 521 
JEDEC SITELESC 
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ORDERING INFORMATION 


The information required when ordering acustom MCU 
is listed below. The ROM program may be transmitted to 
THOMSON SEMICONDUCTEURS on EPROM(s) or an 
EFDOS/MDOS* disk file. 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact your local THOMSON SEMICONDUC- 
TEURS representative or distributor. 


EPROMs 

Two ET2716 or one ET2732 type EPROMs, program- 
med with the customer program (positive logic sense for 
address and data), may be submitted for pattern generation. 
The EPROM must be clearly marked to indicate which 
EPROM corresponds to which address space. The recom- 
mended marking procedure is illustrated below : 


7EF 


XXX = Customer ID 


After the EPROM(s) are marked, they should be placed in 
conductive IC carriers and securely packed. Do not use 
styrofoam. 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are fil- 
ed for contractual purposes and are not returned. A com- 
puter listing of the ROM code will be generated and returned 
along with a listing verification form. The listing should be 
thoroughly checked and the verification form completed, 
signed, and returned to THOMSON SEMICONDUC- 
TEURS. The signed verification form constitutes the 


contractual agreement for creation of the customer mask. 
lf desired, THOMSON SEMICONDUCTEURS will pro- 
gram on blank EPROM from the data file used to create 
the custom mask and aid in the verification process. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the.customer’s ROM pattern will be 
sent for program verification. These units will have been 
made using the custom mask but are for the purpose of 
ROM verification only. For expediency they are usually un- 
marked, packaged in ceramic, and tested only at room 
temperature and 5 volts. These RVUs are included in the 
mask charge and are not production parts. The RVUs are 
thus not guaranteed by THOMSON SEMICONDUC- 
TEURS. Quality Assurance, and should be discarded 
after verification is completed. 


FLEXIBLE DISKS 


The disk media submitted must be single-sided, EFDOS/ 
MDOS* compatible floppies. 

The customer must write the binary file name and compa- 
ny name on the disk with a felt-tip-pen. The minimum 
EFDOS/MDOS* system files, as well as the absolute 
binary object file (Filename .LO type of file) from the 
6801 cross assembler, must be on the disk. An object file: 
made from a memory dump using the ROLLOUT com 
mand is also acceptable. Consider submitting a source 
listing as well as the following files : filename .LX (DEVI- 
CE/EXORciser loadable format) and filename .SA (ASCII 
Source Code). These files will of course be kept confiden- 
tial and are used 1) to speed up the process in-house if any 
problems arise, and 2) to speed up the user-to-factory 
interface if the user finds any software errors and needs 
assistance quickly from THOMSON SEMICONDUC- 
TEURS factory representatives. 

EFDOS is THOMSON SEMICONDUCTEURS’ Disk 
Operating System available on development systems 
such as DEVICE... 

MDOS* is MOTOROLA's Disk Operating System available 
on development systems such as EXORciser,... 


“Requires prior factory approval. 


Whenever ordering a custom MCU is required, please contact your local THOMSON SEMICONDUCTEURS representa- 
tive or THOMSON SEMICONDUCTEURS distributor and/or complete and send the attached ‘MCU customer ordering 
sheet’ to your local THOMSON SEMICONDUCTEURS representative. 


EXORciser is a registered trade mark of MOTOROLA Inc. 
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EF6804J2 


8 BIT MICROCOMPUTER 





ADVANCE INFORMATION 


The EF6804J2 microcomputer unit (MCU) is a member of the EF6804 
Family of very low-cost single-chip microcomputers. This 8-bit microcom- 
puter contains a CPU, on-chip CLOCK, ROM, RAM, I/O, and TIMER.. It 
is designed for the user who needs an economical microcomputer with 
the proven capabilities of the EF6800-based instruction set. 


The following are some of the hardware and software features of the 
EF6804J52 MCU. 


HARDWARE FEATURES 


@® 5-Volt Single Supply 
32 Bytes of RAM 
Memory Mapped !/O 
1012. Bytes of Program ROM 
64 Bytes of Data ROM 
12 Bidirectional 1/O Lines (Eight Lines with High Current Sink Capabi- 
lity) 
On-Chip Clock Generator 
Self-Test Mode 
Master Reset 
Complete Development System Support on pevice® 
Software Programmable 8-Bit Timer Control Register and Timer Presca- 
ler (7 Bits, 29) 
Timer Pin is Programmable as Input or Output 
® On-Chip Circuit for ROM Verify. 


P SUFFIX 
PLASTIC PACKAGE 


PIN ASSIGNMENT 


SOFTWARE FEATURES 


Similar to EF6805 HMOS Family 

Byte Efficient Instruction Set 

Easy to Program 

True Bit Manipulation 

Bit Test and Branch Instruction 

Separate Flags for !nterrupt and Normal Processing 
Versatile Indirect Registers 

Conditional Branches 

Single Instruction Memory E xamine/Change 

True LIFO Stack Eliminates Stack Pointer 

Nine Powerful Addressing Modes 

Any Bit in Data Space Memory May be Tested 
Any Bit in Data Space Memory Capable of Being Written to May: be Set 
or Cleared 


USER SELECTABLE OPTIONS 


@ 12 Bidirectional !/O Lines with LSTTL, LSTTL/CMOS, or Open-Drain 
Interface 

@ Crystal or Low-Cost Resistor-Capacitor Oscillator 

@ Mask Selectable Edge- or Level- Sensitive Interrupt Pin. 


DEVICE® is THOMSON SEMICONDUCTEURS’ development/emulation tool. 
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BLOCK DIAGRAM 


XTAL EXTAL RESET MDS iRO 


TIMER Prescaler 
7 g Counter 


Timer/ Status Oscil 
8 Control Register scillator | 












Accumulator 
8 A 




















CPU 
Indirect Control 
Register 
PA4 8 — PBO 
ndirec PBI 
Port Reai 
PAS egister PB2 
| 7 g (Note) Port ona | 
B 
, PAG PB4 1/0 
ings Stack Reg. PB5 Lines 
PA7 2 PB6 
Program 8 8 PB7 
Counter 
4 __High_ PCH re ; 
1012x8 Program 
User Program ROM Counter 


308 x 8 
Self-Test ROM 







Low PCL 


64x 8 
Data ROM 


NOTE: 8-Bit indirect registers X and Y, although shown as part of the CPU, are actually located in the 32 x 8 RAM at locations $80 
and $81. 
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SECTION 2 
FUNCTIONAL PIN DESCRIPTION, MEMORY, CPU, AND REGISTERS 


This section provides a description of the functional pins, memory spaces, the central processing 
unit (CPU), and the various registers and flags. 


2.1 FUNCTIONAL PIN DESCRIPTION 


2.1.1 Vcc and VSs 


Power is supplied to the MCU using these two pins. VCC iS power and VSS is the ground 
connection. 


2.1.2 IRO 


This pin provides the capability for asynchronously applying an external interrupt to the MCU. Refer 
to 4.1 INTERRUPT for additional information. 


2.1.3 XTAL and EXTAL 


These pins provide connections to the on-chip clock oscillator circuit. A crystal, a resistor and 
capacitor, or an external signal, depending on the user selectable manufacturing mask option, can 
be connected to these pins to provide a system clock source with various stability/cost tradeoffs 

Lead lengths and stray capacitance on these two pins should be minimized. Refer to 4.4 INTERNAL 
CLOCK GENERATOR OPTIONS for recommendations concerning these inputs. 


2.1.4 TIMER 


In the input mode, the timer pin is connected to the prescaler input and serves as the timer clock. In 
the output mode, the timer pin signals that a time out of the timer has occurred. Refer to SECTION 
3 TIMER for additional information. 


2.1.5 RESET 


The RESET pin is used to restart the processor of the EF6804J2 to the beginning of a program. 
This pin, together with the MDS pin, is also used to select the operating mode of the EF6804J2. If 
the MDS pin is at zero volts, the normal mode is selected and the program counter is loaded with 
the user restart vector. However, if the MDS pin is at +5 volts, then pins PA6 and PA7 are decoded 
to allow selection of the operating mode. Refer to 4.3 RESET for additional information. 
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2.1.6 MDS 


The MDS (mode select) pin is used to place the MCU into special operating modes. If MDS is held 
at +5 volts at the exit of the reset state, the decoded state of PA6 and PA/ is latched to determine 
the operating mode (single-chip, self-test, or ROM verify). However, if MDS is held at zero volts 
at the exit of the reset state, the single-chip operating mode is automatically selected (regardless of 
PA6 and PA7 state). _ 


For those users familiar with the EF6801 microcomputer, mode selection is similar but much less 
complex in the EF6804J2. No special external diodes, switches, transistors, etc. are required in the 
EF6804 J2. 


2.1.7 Input/Output Lines (PA4-PA7, PBO-PB7) 


These 12 lines are arranged into one 4-bit port (A) and one 8-bit port (B). All lines are programmable 
as either inputs or outputs under software control of the data direction registers. Refer to SECTION 
5 INPUT/OUTPUT PORTS for additional information. 


2.2 MEMORY 


The MCU operates in three different memory spaces: program space, data space, and stack space. 
A representation of these memory spaces is shown in Figure 2-1. The program space (Figure 2-1a) 
contains all of the instructions that are to be executed, as well as the data required for the im- 
mediate addressing mode instructions, and the self-test and user vectors. The data space (Figure 
2-1b) contains all of the RAM locations, plus I/O locations and some ROM used for storage of 
tables and constants. The stack space (Figure 2-1c) contains RAM which is used for stacking 
subroutine and interrupt return addresses. 


The MCU is capable of addressing 4096 bytes of program space memory with its program counter 
and 256 bytes of data space memory with its instructions. The data space memory contains three 
bytes for port data registers, three bytes for port data direction registers, one byte for timer 
Status/control, 64 bytes ROM, 32 bytes RAM (which includes two bytes for X and Y indirect 
registers), two bytes for timer prescaler and count registers, and one byte for the accumulator. The 
Program space section includes 304 bytes of self-test ROM, 1008 bytes program ROM, and eight 
bytes of vectors for self-test and user programs. 


2.3 CENTRAL PROCESSING UNIT 


The CPU of the EF6804 Family is implemented independently from the |/O or memory configuration. 
Consequently, it can be treated as an independent central processor communicating with I/O and 
memory via internal addresses, data, and control buses. 
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(a) Program Space Memory Map 











Reserved (All Ones) 


Self-Test ROM 


Self-Test IRO Vector 





Self-Test Restart Vector 
User [RO Vector 
User Restart Vector 


(c) Stack Space Memory Map 










Level 1 
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$000 


SADF 
$AEO 


$COF 
$C10 


SFF7 
SFF8-$FFQ 
SFFA-SFFB 
SFFC-SFFD 
SFFE-SFFF 


(b) Data Space Memory Map 
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Timer Status Control Register $09 
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User Data Space ROM 
S5F 
$60 
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? $7F 
Indirect Register X $80 
Indirect Register Y $81 
: =e 582 
Data Space RAM 
SOF 
$A0 
Future Expansion 
SFC 
Prescaler Register $FD 

Timer Count Register SFE 

[_Ascumutoior_—_—_—i FF 


Figure 2-1. EF6804J2 MCU Address Map 
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2.4 REGISTERS 


The EF6804 Family CPU has four registers and two flags available to the programmer. They are 
shown in Figure 2-2 and are explained in the following paragraphs. 


These Are 7 0 


Registers x Indirect 
In Data Register X 
Space RAM 
Register Y 


Program 


PCH PCL Counter 


Normal Flags 
eae parr ee 
Interrupt Flags 
nine 


Figure 2-2. Programming Model 


2.4.1 Accumulator (A) 


The accumulator is an 8-bit general purpose register used in all arithmetic calculations, logical 
operations, and data manipulations. The accumulator is implemented as the highest RAM location 
(SFF) in data space and thus implies that several instructions exist which are not explicitly im- 
plemented. Refer to 6.3 IMPLIED INSTRUCTIONS for additional information. 


2.4.2 Indirect Registers (X, Y) 


These two indirect registers are used to maintain pointers to other memory locations in data space. 
They are used in the register-indirect addressing mode, and can be accessed with the direct, in- 
direct, short direct, or bit set/clear addressing modes. These registers are implemented as two of 
the 32 RAM locations ($80, $81) and as such generate implied instructions and may be manipulated 
in a manner similar to any RAM memory location in data space. Refer to 6.3 IMPLIED INSTRUC- 
TIONS for additional information. 


2.4.3 Program Counter (PC) 


The program counter is a 12-bit register that contains the address of the next ROM word to be used 
(may be opcode, operand, or address of operand). The 12-bit program counter is contained in PCL 
(low byte) and PCH (high nibble). 
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2.4.4 Flags (C, Z) 


The carry (C) bit is set on a carry or a borrow out of the ALU. It is cleared if the result of an 
arithmetic operation does not result in a carry or a borrow. The (C) bit is also set to the value of the 
bit tested in a bit test instruction, and participates in the rotate left instruction. 


The zero (Z) bit is set if the result of the last arithmetic or logical operation was equal to zero, other- 
wise it is cleared. 


There are two sets of these flags, one set is for interrupt processing, the other for all other routines. 
When an interrupt occurs, a context switch is made from the program flags to the interrupt flags 
(interrupt mode). An RTI forces the context switch back to the program flags (program mode). 
While in either mode, only the flags for that mode are available. Further, the interrupt flags will not 
be cleared upon entering the interrupt mode. Instead, the flags will be as they were at the exit of the 
last interrupt mode. Both sets of flags are cleared by reset. 


2.4.5 Stack 


There is a true LIFO stack incorporated in the EF6804J2 which eliminates the need for a stack 
pointer. Stack space is implemented in separate RAM (12-bits wide) shown in Figure 2-1c. 
Whenever a subroutine call (or interrupt) occurs, the contents of the PC are shifted into the top 
register of the stack. At the same time (same cycle), the top register is shifted to the next level 
deeper. This happens to all registers with the bottom register falling out the bottom of the stack. 


Whenever a subroutine or interrupt return occurs, the top register is shifted into the PC and all 
lower registers are shifted up one level higher. The stack RAM is four levels deep. If the stack 1: 
pulled more than four times without any pushes, the address that was stored in the bottom level will 
be shifted into the PC. 
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SECTION 3 
TIMER 


3.1 INTRODUCTION 


A block diagram of the EF 6804 J2 timer circuitry is shown in Figure 3-1. The timer logic in the MCU 
is comprised of a simple 8-bit counter (timer count register, TCR) with a 7-bit prescaler, and a timer 
status/control register (TSCR). The timer count register, which may be loaded under program con- 
trol, is decremented towards zero by a clock input (prescaler output). The prescaler is used to ex- 
tend the maximum interval of the overall timer. The prescaler tap is selected by bits 0-2 (PSO-PS2) 
af the timer status/ control register. Bits PSO-PS2 control the actual division of the prescaler within 
the range of divide-by-1 (20) to divide-by-128 (27). The timer count register (TCR) and prescaler are 
decremented on rising clock edges. The coding of the TCSR PSO-PS2 bits produce a division in the 
prescaler as shown in Table 3-1. 


Table 3-1. Prescaler Coding Table 





1 
0 
1 


The TIMER pin may be programmed as either an input or an output depending on the status of 
TOUT (TSCR bit 5). Refer to Figure 3-1. In the input mode, TOUT is a logic zero and the TIMER pin 
is connected directly to the prescaler input. Therefore, the timer prescaler is clocked by the signal 
applied from the TIMER pin. The prescaler then divides its clock input by a value determined by the 
coding of the TSCR bits PSO-PS2 as shown in Table 3-1. The divided prescaler output then clocks 
the 8-bit timer count register (TCR). When the TCR is decremented to zero, it sets the TMZ bit in 
the timer status/control register (TSCR). The TMZ bit can be tested under program control to per- 
form a timer function whenever it goes high. The frequency of the external clock applied to the 
TIMER pin must be less than tbyte (fosc/48). 


In the output mode, TOUT is a logic one and the TIMER pin is connected to the DOUT latch. 
Therefore, the timer prescaler is clocked by the internal sync pulse (divide-by-48 of the internal 
oscillator). Operation is similar to that described above for the input mode. However, in the output 
mode, the low-to-high TMZ bit transition is used to latch the DOUT bit of the TSCR and provide it 
as output for the TIMER pin. 


NOTE 


TMZ is normally set to logic one when the timer times out (TCR decrements to $00); 
however, it may be set by a write of $00 to the TCR or by a write to bit 7 of the TSCR. 
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Figure 3-1. Timer Block Diagram 
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During reset, the timer count register and prescaler are set to $FF, while the timer status/control 
register is cleared to $00 and the DOUT LATCH (TIMER pin is in the high-impedance input mode) is 
forced to a logic high. The prescaler and timer count register are implemented in data space RAM 
locations ($FD, $FE); therefore, they are both readable and writeable. A write to either will 
predominate over the TCR decrement-to-$00 function; i.e., if a write and a TCR decrement-to-$00 
occur simultaneously, the write will take precedence, and the TMZ bit is not set until the next timer 


time out. 


3.2 TIMER REGISTERS 


3.2.1 Timer Count Register (TCR) 


rs 


MSB LSB 
TCR addr =$FE 


j=) 


The timer count register indicates the state of the internal 8-bit counter. 


3.2.2 Timer Status/Control Register (TSCR) 


b7, TMZ 


b6 


b5, TOUT 


b0, b1, b2 
PSO-PS1-PS2 





7 6 5 4 3 2 1 0 
TouT | DOUT 
TSCR Address = $09 
Low-to-high transition indicates the timer count register has decremented to zero 
since the timer status/control register was last read. Cleared by a read of TSCR 
register if TMZ was read as a logic one. 


Not used. 


When low, this bit selects the input mode for the timer. When high, the output 
mode is selected. 


Data sent to the timer output pin when TMZ is set high (output mode only). 
Used to initialize the prescaler and inhibit its counting while PSI=0. The initialized 
value is set to $FF. The timer count register will also be inhibited (contents un- 


changed). When PSI=1 the prescaler begins to count downward. 


These bits are used to select the prescaler divide-by ratio; therefore, effecting 
the clock input frequency to the timer count register. 
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3.2.3 Timer Prescaler Register 


6 0 
MSB LSB 


TPR Address = $FD 
The timer prescaler register indicates the state of the internal 7-bit prescaler. This 7-bit prescaler 


divide ratio is normally determined by bits PSO-PS2 of the timer status/control register (see Table 
3-1). 
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- SECTION 4 
INTERRUPT, SELF-TEST, RESET, AND INTERNAL CLOCK GENERATOR 


4.1 INTERRUPT 


The EF6804J2 can be interrupted by applying a logic low signal to the |RQ pin ; however, a mask 
option selected at the time of manufacture determines whether the negative-going edge or the 
actual low level is sensed to indicate an interrupt. 


4.1.1 Edge-Sensitive Option 


When the IRQ pin is pulled low, the internal interrupt request latch is set. Prior to each instruction 
fetch, the interrupt request latch is tested and, if its output is high, an interrupt sequence is initiated 
at the end of the current instruction (provided the interrupt mask is cleared). Figure 4-1 contains a 
flowchart which illustrates both the reset and interrupt sequence. The interrupt Sequence consists 
of one cycle during which: the interrupt request latch is cleared, the interrupt mode flags are 
selected, the PC is saved on the stack, the interrupt mask is set, and the IRO vector (single chip 
mode= $FFC/$FFD, self-test mode = $FF8/$FF9) is loaded into the PC. Internal processing of the 
interrupt continues until an RTI (return from interrupt) instruction is processed. During the RTI in- 
struction, the interrupt mask is cleared and the program mode flags are selected. The next instruc- 
tion of the program is then fetched and executed. Once the interrupt was initially detected and the 
interrupt Sequence started, the interrupt request latch is cleared so that the next (second) interrupt 
may be detected even while the previous (first) one is being serviced. However, even though the 
second interrupt sets the interrupt request latch during processing of the first interrupt, the second 
interrupt Sequence will not be initiated until completion of the interrupt service routine for the first 
interrupt. Completion of an interrupt service routine is always accomplished using an RTI instruc- 
tion to return to the main program. The interrupt mask (which is not directly available to the pro- 
grammer) is cleared during the last cycle of the RTI instruction. 


4.1.2 Level-Sensitive Option 


The actual operation of the level-sensitive and edge-sensitive options are similar except that the 
level-sensitive option does not have an interrupt request latch. With no interrupt request latch, the 
logic level of the IRO pin is checked for detection of the interrupt. Also, in the interrupt sequence, 
there is no need to clear the interrupt request latch. These differences are illustrated in the flowchart 
of Figure 4-1. 


4.1.3 Power Up and Timing 


During the power-up Sequence the interrupt mask is set to preclude any false or ‘“‘ghost’’ interrupts 
from occurring. To clear the interrupt mask, the programmer should write a JSR (instead of a JMP) 
instruction to an initialization routine as the first instruction in a program. The initialization routine 
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Figure 4-1. Reset and Interrupt Processing Flowchart 
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should end with an RTI (instead of RTS). Maximum interrupt response time is eight machine (thyte) 
cycles (see 4.4 INTERNAL CLOCK GENERATOR OPTIONS). This includes five machine cycles 
for the longest instruction, plus one machine cycle for stacking the PC and switching flags, plus two 
machine cycles for synchronization of the IRO input with the internal clock. Minimum response 
time is one machine cycle for stacking PC and switching flags (see 2.4.4 Flags (C, Z)). 


4.2 SELF-TEST 


The EF6804J2 MCU has a unique internal ROM-based off-line self-test capability using signature 
analysis techniques. A test program stored in the on-chip ROM is initiated by configuring pins PA6 
and PA? during reset. The test results are sampled on a cycle-by-cycle basis by a 16-bit on-chip 
signature analysis register configured as a linear feedback shift register (LFSR) using the standard 
CCITT CRC16 polynomial. A schematic diagram of the self-test connections is shown in Figure 
4-2. To perform a test of the MCU, connect it as shown in Figure 4-2a and monitor the LEDs for a 
1101 (SD) pattern. 


A special ROM self-test utilizing the signature analysis circuitry is also included. To initiate a test of 
the ROM, connect the circuit as shown in Figure 4-2b. This mode also uses the on-chip signature 
analysis register to verify the contents of the custom ROM by monitoring an internal bus. The 
‘Good’ LED indicates that all ROM words have been read and that the result was the correct 
signature. 


The on-chip self-test and the ROM test are the basis of THOMSON SEMICONDUCTEURS produc- 
tion testing for the EF6804J2. These tests have been fault graded using statistical methods and 


have been found to provide high fault coverage using automatic test equipment (ATE) or the circuit 
of Figure 4-2. 


4.3 RESET 


The MCU can be reset in two ways: by initial power up (see Figure 4-1) and by the external reset in- 
put (RESET). During power up, a delay of tRHL is needed before allowing the RESET input to go 
high. This time delay allows the internal clock generator to stabilize. Connecting a capacitor and 
resistor to the RESET input, as shown in Figure 4-3, typically provides sufficient delay. 





4.4 INTERNAL CLOCK GENERATOR OPTIONS 


The internal clock generator circuit is designed to require a minimum of external components. A 
crystal, a resistor-capacitor, or an external signal may be used to generate a system clock with 
various stability/cost tradeoffs. A manufacturing mask option is required to select either the crystal 
oscillator or the RC oscillator circuit. The different clock generator option connection methods are 
shown in Figure 4-4, crystal specifications and suggested PC board layouts are given in Figure 4-5, 
resistor-capacitor selection graph is given in Figure 4-6, and a timing diagram Is illustrated in Figure 
4-7. The crystal oscillator startup time is a function of many variables: crystal parameters (especially 
Rs), oscillator load capacitance (CL), |C parameters, ambient temperature, and supply voltage. To 
ensure rapid oscillator startup, neither the crystal characteristics nor the load capacitance should 
exceed recommendations. 


The oscillator output frequency is internally divided by four to produce the internal #1 and $2 
clocks. The #1 clock is divided by twelve to produce a machine byte (cycle) clock. A byte cycle is 
the smallest unit needed to execute any operation (i.e., increment the program counter). An in- 
struction may need two, four, or five byte cycles to execute. 
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Figure 4-2. Self-Test Circuit 
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Figure 4-3. Power-Up Reset Delay Circuit 
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Figure 4-4. Clock Generator Options 
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(a) 
Crystal Parameters Cy 


EXTAL 4 XTAL5 


Crystal Parameters 
AT — Cut Parallel Resonance Crystal 
Cg=7 pF Maximum 
Freq. = 11 MHz 
Rs =50 Ohms Maximum 


Piezoelectric ceramic resonators which 

have the equivalent specifications may be 

used instead of crystal oscillators. Follow 

ceramic resonator manufacturer's sug- 
(b) gestions for Co, C1, and Rs values. 


(c) 


Ci2= 





NOTE: Keep crystal leads and circuit 
connections as short as possible. 





Figure 4-5. Crystal Motional Arm Parameters and Suggested PC Board Layout 
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Figure 4-6. Typical Frequency Selection For Resistor-Capacitor 
Oscillator Option (CL = 17 pF) 


18/44 THOMSON SEMICONDUCTEURS 


2-108 











EF6804J2 





(a) Oscillator — $1-¢2 Timing 
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(b) ¢1 — Sync Timing 
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Figure 4-7. Clock Generator Timing Diagram 
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SECTION 5 
INPUT/OUTPUT PORTS 


5.1 INPUT/OUTPUT 


There are 12 input/output pins. All pins (port A and B) are programmable as either inputs or outputs 
under software control of the corresponding data direction register (DDR). The port I/O programm- 
ing is accomplished by writing the corresponding bit in the port DDR to a logic one for output or a 
logic zero for input. On reset, all the DDRs are initialized to a logic zero state to put the ports in the 
input mode. The port output registers are not initialized on reset but should be initialized before 
changing the DDR bits to avoid undefined levels. When programmed as outputs, the latched out- 
put data is readable as input data, regardless of the logic levels at the output pin due to output 
loading; see Figure 5-1. All input/output pins are LSTTL compatible as both inputs and outputs. In 
addition, both ports may have one of two mask options: 1) internal pullup resistor for CMOS output 
compatibility, or 2) open drain output. The address map in Figure 2-1 gives the address of data 
registers and DDRs. The register configuration is discussed under the registers paragraph below 
and Figure 5-2 provides some examples of port connections. 
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Figure 5-1. Typical |/O Port Circuitry 
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LSTTL Driving Port A Directly 
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CMOS or LSTTL Driving Port B Directly 


(a) input Mode 


PA7 (CMOS Loads) 
PA6 

PAS 

PA4 (1 LSTTL Load) 





Port A, bit 7 programmed as output, driving 
CMOS loads and bit 4 driving one LSTTL 
load directly (using CMOS output option). 





Port B, bit 0, and bit 1 programmed as output, 
driving LEDs directly. 


(b) Output Mode 


Figure 5-2. Typical Port Connections 
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The latched output data bit (see Figure 5-1) may always be written. Therefore, any write to a port 
writes to all of its data bits even though the port DDR is set to input. This may be used to initialize 
the data registers and avoid undefined outputs; however, care must be exercised when using read- 
modify-write instructions since the data read corresponds to the pin level if the DDR is an input (0) 
and corresponds to the latched output data when the DDR is an output (1). The 12 bidirectional! 
lines may be configured by port to be LSTTL (standard configuration), LSTTL/CMOS (mask op- 
tion), or open drain (mask option). Port B outputs are LED compatible. 


NOTE 


The mask option only allows changes by port. For example, if the customer wishes PA7 
to be open drain, then PA4-PA7 must all be open drain. 


5.2 REGISTERS 


The registers described below are implemented as RAM locations and thus may be read or written. 


5.2.1 Port Data Register 


7 0 
MSB LSB 


Port A Address = $00 
Port B Address = $01 


The source of data read from the port data register will be the port I/O pin or previously latched out- 
put data depending upon the contents of the corresponding data direction register (DDR). The 
destination of data written to the port data register will be an output data latch. If the corresponding 
data direction register (DDR) for the port I/O pin is programmed as an output, the data will then ap- 
pear on the port pin. 


5.2.2 Port Data Direction Register 


d 0 
MSB LSB 


Port A Address = $04 
Port B Address = $05 


The port DDRs configure the port pins as either inputs or outputs. Each port pin can be pro- 
grammed individually to act as an input or an output. A zero in the pins corresponding bit position 
will program that pin as an input while a one in the pins corresponding bit position will program that 
pin as an output. 
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SECTION 6 
SOFTWARE AND INSTRUCTION SET 


6.1 SOFTWARE 


6.1.1 Bit Manipulation 


The EF6804J2 MCU has the ability to set or clear any register or single random access memory 
(RAM) writable bit with a single instruction (BSET, BCLR). Any bit in data space, including ROM, 
can be tested, using the BRSET and BRCLR instructions, and the program may branch as a result 
of its state. The carry bit is set to the value of the bit referenced by BRSET or BRCLR. A rotate in- 
struction may then be used to accumulate serial input data in a RAM location or register. The 
capability to work with any bit in RAM, ROM, or I/O allows the user to have individual flags in RAM 
or to handle |/O bits as control lines. 


The coding example in Figure 6-1 illustrates the usefulness of the bit manipulation and test instruc- 
tions. Assume that the MCU is to communicate with an external serial device. The external device 
has a data ready signal, a data output line, and a clock line (to clock data one bit at a time, MSB 
first, out of the device). The MCU waits until the data is ready, clocks the external device, picks up 
the data in the carry flag (C bit), clears the clock line, and finally accumulates the data bit in the 
accumulator. 


Serial 
Device 


SELF BRSET 6,PORTA,SELF 


BSET 5 PORTA 

BRCLR 4,PORTA,CONT 
CONT BCLR 5,PORTA 

ROLA 





Figure 6-1. Bit Manipulation Example 


THOMSON SEMICONDUCTEURS 25/44 
2-115 





EF6804J2 
a 


6.1.2 Addressing Modes 


The EF6804J2 MCU has nine addressing modes which are explained briefly in the following 
paragraphs. The EF6804J2 deals with objects in three different address spaces : program space, 
data space, and stack space. Program space contains the instructions which are to be executed, 
plus the data for immediate mode instructions. Data space contains all of the RAM locations, X 
and Y registers, accumulator, timer, |/O locations, and some ROM (for storage of tables and con- 
Stants). Stack space contains RAM for use in stacking the return addresses for subroutines and 
interrupts. 


The term ‘‘Effective Address” (EA) is used in describing the address modes. EA is defined as the ad- 
dress from which the argument for an instruction is fetched or stored. 


6.1.2.1 IMMEDIATE. In the immediate addressing mode, the operand is located in program ROM 
and is contained in a byte following the opcode. The immediate addressing mode is used to access 
constants which do not change during program execution (e.g., a constant used to initialize a loop 
counter). 


6.1.2.2 DIRECT. In the direct addressing mode, the effective address of the argument is contained 
in a single byte following the opcode byte. Direct addressing allows the user to directly address the 
256 bytes in data space memory with a single two-byte instruction. 


6.1.2.3 SHORT DIRECT. The MCU also has four locations in data space RAM ($80, $81, $82, $83) 
which may be used in a short-direct addressing mode. In this mode the lower two bits of the opcode 
determine the data space. RAM location, and the instruction is only one byte. Short direct address- 
ing is a subset of the direct addressing mode. (The X and Y registers are at locations $80 or $81 
‘respectively. ) 


6.1.2.4 EXTENDED. In the extended addressing mode, the effective address is obtained by con- 
catenating the four least significant bits of the opcode with the byte following the opcode (12-bit 
address). Instructions using the extended addressing mode (JMP, JSR) are capable of branching 
anywhere in program space. An extended addressing mode instruction is two bytes long. 


6.1.2.5 RELATIVE. The relative addressing mode is only used in conditional branch instructions. In 
relative addressing, the address is formed by adding the sign extended lower five bits of the opcode 
(the offset) to the program counter if and only if the condition is true. Otherwise, control proceeds 
to the next instruction. The span of relative addressing is from — 15 to + 16 from the opcode ad- 
dress. The programmer need not worry about calculating the correct offset when using the 
Motorola assembler since it calculates the proper offset and checks to see if it is within the span of 
the branch. 


6.1.2.6 BIT SET/CLEAR. In the bit set/clear addressing mode, the bit to be set or cleared is part of 
the opcode, and the byte following the opcode specifies the direct address of the byte in which the 
specified bit is to be set or cleared. Thus, any bit in the 256 locations of data space memory, which 
can be written to, can be set or cleared. 
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6.1.2.7 BIT TEST AND BRANCH. The bit test and branch addressing mode is a combination of 
direct addressing and relative addressing. The bit which is to be tested is included in the opcode, 
and the data space address of the byte to be tested is in the single byte immediately following the 
opcode byte. The third byte is sign extended to twelve bits and becomes the offset added to the 
program counter ‘if the condition is true. The single three-byte instruction allows the program to 
branch based on the condition of any bit in data space memory. The span of branching is from 
— 125 to + 130 from the opcode address. The state of the tested bit is also transferred to the carry 
flag. 


6.1.2.8 REGISTER-INDIRECT. In the register-indirect addressing mode, the operand is at the ad- 
dress (in data space) pointed to by the contents of one of the indirect registers (X or Y). The par- 
ticular X or Y register is selected by bit 4 of the opcode. Bit 4 of the opcode is then decoded into an 
address which selects the desired X or Y register ($80 or $81). A register-indirect instruction is one 
byte long. 


6.1.2.9 INHERENT. In the inherent addressing mode, all the information necessary to execute the 
instruction is contained in the opcode. These instructions are one byte long. 


6.2 INSTRUCTION SET 


The EF6804J2 MCU has aset of 42 basic instructions, which when combined with nine addressing 
modes produce 242 usable opcodes. They can be divided into five different types: register/ memory, 
read-modify-write, branch, bit manipulation, and control. The following paragraphs briefly explain 
each type. All the instructions within a given type are presented in individual tables. 


6.2.1 Register/Memory Instructions 


Most of these instructions use two operands. One operand is the accumulator and the other 
operand is obtained from memory using one of the addressing modes. The jump unconditional 
(JMP) and jump to subroutine (JSR) instructions have no register operands. Refer to Table 6-1. 


6.2.2 Read-Modify-Write Instructions 


These instructions read a memory location or a register, modify or test its contents, and write the 
modified value back to memory or to the register. There are ten instructions which utilize read- 
modify-write cycles. All INC and DEC forms along with all bit manipulation instructions use this 
method. Refer to Table 6-2. 


6.2.3 Branch Instructions 


The branch instructions cause a branch from the program when a certain condition is met. Refer to 
Table 6-3. 


6.2.4 Bit Manipulation Instructions 


These instructions are used on any bit in data space memory. One group either sets or clears. The 
other group performs the bit test branch operations. Refer to Table 6-4. 
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Table 6-1. Register/Memory Instructions 












ae Modes 


fares oo 


























aes on os ae Se en RR eC Oe en 
ee en es ee ee ee 
a A eA Oa ee et 
aa oi ee SR CS we ee es Ee ee 
a RS SS PIN HER EP a ES ERS 


omplement A sce lw 
Move immediate Value 
to Memory 












Rotate A Left and Carry }ROLA 
Ai i oa ASL (eo en Eg ES CU ee ce 


SPECIAL NOTES 

1. In Short-Direct addressing, the LDA mnemonic represents opcode AC, AD, AE, and AF. This is equivalent to RAM locations $80 {AC), $81 (AD), $82 (AE), and $83 (AF) 
2. in Short-Direct addressing, the STA mnemonic represents opcode 8C, BD, BE, and BF. This is equivalent to RAM locations $80 (BC), $81 (BD), $82 (BE), and $83 (BF). 
3. In Extended addressing. the four LSBs of the opcode (Mnemonic JSR and JMP) are formed by the four MSBs of the target address. (TAR) 
4. In Immediate addressing, the LOX! and LOY! are mnemonics which are recognized as follows: 

LDOXi=MVi' $80,data 

LOYi=MVi $81,data Where data is a one-byte hexadecimal number. 
5. The MV! instruction refers to both Immediate and Direct addressing. 
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Table 6-2. Read-Modify-Write Instructions 


Addressing Modes 


| Opcode # # # P P P Special 
Bytes Cycles | Opcode Bytes Cycles | Opcode Bytes Cycles Notes 














inc [ee Tre Tt a re a a a 8 
lincrementA | INCA [| OT OT OT re 2 a KK 
Increment XP | nc, | | OT TK 
[increment YP | incy, | — [| — {| - [ - | - | - [| - [ ap foi f 4 f - J 
[DecrementMemory Location] bec | —7 | F7 | 1 | 4 | fF | 2 | 4 | seep} 1 | 4 | 24 | 
Decrement A | DECA | ~ | ee ee ee ee ee a Pe 
ae Gea ee Pes ee ee es a 
Se ee ie a ee 





SPECIAL NOTES 


1. in Short-Direct addressing, the INC mnemonic represents opcode A8, AQ, AA, and AB. These are equivalent to RAM locations $80 (A8), $81 (A9), $82 (AA), 
and $83 (AB). 

2. in Short-Direct addressing, the DEC mnemonic represents opcode B8, B89, BA, and BB. These are equivalent to RAM locations $80 (B8), $81 (B9), $82 (BA), 
and $83 (BB). 

3. In indirect addressing, the INC mnemonic represents opcode £6 or F6, and causes the location pointed to by X {E6 opcode) or Y (F6 opcode) to be incremented. 

4. In Indirect addressing, the INC mnemonic represents opcode E7 or F7, and causes the location pointed to by X (E7 opcode) or Y (F7 opcode) to be incremented. 


ervosss 3 
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Table 6-3. Branch Instructions 


Relative Addressing Mode 


# # Special 
Opcode Bytes Cycies Notes 


Branch if Carry Clear 
Branch if Higher or Same 


Branch if Lower 
Branch if Not Equal | BNE 
Branch if Equal | = BEQ. 








SPECIAL NOTES 


1. Each mnemonic of the Branch Instructions covers a range of 32 opcodes; e.g., BCC ranges from 40 through 5F. The 
actual memory location (target address) to which the branch is made is formed by adding the sign extended lower five 
bits of the opcode to the contents of the program counter. 

2. The BHS instruction (shown in parentheses) is identical to the BCC instruction. The C bit s clear if the register was higher 
or the same as the location in the memory to which it was compared. 

3. The BLO instruction (shown in parentheses) is identical to the BCS instruction. The C bit is set if the register was lower 
than the location in memory to which it was Compared. 


Table 6-4. Bit Manipulation Instructions 









Addressing Modes 


Bit Set/ Clear Bit Test and Branch . 
# # # ff Special 
Opcode ] Bytes | Cycles | Opcode| Bytes Cycles Note 
5 Aj 


BRSETn (n=O... 7) {| - ee EE ee 
| Branch IFF Bitnis clear |BRCLRnin=O0....7){ | = | CO+n 
ae te oad 

[ClearBitn BCL nin=O....7) | DO+n[{ 2 | 4 | feel 


SPECIAL NOTE 


1. The opcode is formed by adding the bit number (0-7) to the basic opcode. For example: to clear bit six using the BSET6 
instruction the opcode becomes DE (D8+6); BCLR5 becomes (C0 + 5); etc. 
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6.2.5 Control Instructions 


The control instructions control the MCU operations during program execution. Refer to Table 6-5. 


6.2.6 Alphabetical Listing 


The complete instruction set is given in alphabetical order in Table 6-6. There are certain mnemo- 
nics recognized by the assembler and converted to other instructions. The fact that all registers and 
accumulator are in RAM allows many implied instructions to exist. The implied instructions reco- 
gnized by the assembler are identified in Table 6-6. 


6.2.7 Opcode Map Summary 


Table 6-7 contains an opcode map for the instructions used on the MCU. 


6.3 IMPLIED INSTRUCTIONS 


Since the accumulator and all other registers are located in RAM many implied instructions exist. 
The assembler-recognized implied instructions are given in Table 6-6. Some examples not recog- 
nized by the assembler are shown below. 


BCLR,7 $FF Ensures accumulator is plus 
BSET,7 $FF Ensures accumulator is minus 
BRCLR,7 $FF Branch iff accumulator is plus 
BRSET,7 $FF Branch iff accumulator is minus 
BRCLR,7 $80 Branch iff X is plus (BXPL) 
BRSET,7 $80 Branch iff X is minus (BXMI) 
BRCLR,7 $81 Branch iff Y is plus (BYPL) 
BRSET,7 $81 Branch iff Y is minus (BYMI) 
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Table 6-5. Control instructions 


Addressing Modes 














Inherent 
Opcode Bytes Cycles | Opcode Bytes Cycles | Opcode Bytes | Cycles Notes 
Transferatox | TAX | ec | i | 4 | - | 
[TransferAtoY sss |= TAY i 


eee 
a ae ee eee ee ee Ee ee 
[TransferXtoA | TXA | AC Tt | 4A OT = 
[TransferYtoA | STYA | AD Tt | 4 
[Return from Subroutine | RTS | —~ | ~ | - [| 83 | 1 | 
i ae ae | B2 | 

Bae eee 


4 
4 






Return from interrupt 


Bee ee ee ae ee 
ie ae ee es eee 
ieee Ee Oe a 
Se SS ee Bee Ree 
oe ee ee ee ee 
ie ee Eee ee ee ee 
|No-Operation | NOP ees ae eee ee ee 





a oa 
eee eee 
SPECIAL NOTE 


1. The NOP instruction is equivalent to a branch if equal (BEQ) to the location designated by PC + 1. 


ervos9od 3 


ETL Z 


SUNSLINGNODINGAS NOSWOHL 








Table 6-6. Instruction Set 




























2 Mnemonic Immed: a Direct Clear __ = =a Extended Reet 
ee ee ee eee 
(Rance GaN Soe See AAS ee Sue! Se GAR Re AC 
ee = 
POCO nn ee ee converts this to “BCS” +} —— 
MORSEN io ee ee ee a, i ee oe a ee 
fcrra_—=Ss=~é‘“‘;CS*LCC#CUC*#‘CW#C#Cd#C~COW#CAssembier converts thistoSussFF’ | +~=S=«d|~SSst=~<‘<~;~*dSC~*~‘;‘~*rCSSCSCSdSCSC NCS 
pee arse converts tis iV = 0, 80" | | 
pea aserntir converts this to M08 | ee 
NOMA nes te es ee ee af A ee ae ee IN | 
CONIA ata cafe Pie ee ee ee eet ee oe ee NO 
POE ne Ng oe Re ee ee A ee 
aL ST A TT a OO eA eae 
pee | Asserntter convert ths to DEC a ar 
ppecy Tf Assemibter converts this to "ec a or 
IN ee Re 
[a a aS ee ES ST GY RAY GEE BE SE 
My 1 | nomenon mi ee 
rr ——}-,-+ * | —_} | 
(cena Rei eee) aan converts this to ““MVi DATA, $81" ae es ee es ee ae 
ca ae TR a A NE re oe ee 
Se ne et cee oa creer rca a no 
yn Pian TTY Te | A ft le : 


__Assembler convertsthisto“LDASBI"™C™™~“*S*~*~*~*™*:CCCOCCONCACS*<d’d 
Flag Symbols: ree Zero; C= Carry/ Borrow, AS : Test and Set if True, Cleared Otherwise, 2=Not Affected 


Parl i 
IS | 
i i 
q f 

f 

¥ 4 

f 

i 
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Table 6-7 — EF6804P2 Microcomputer instruction Set Opcode Map 


Branch —e 


uo | oem | am |e | am | ome | om | om | 
eee ag oak ok on 
BNE BNE BEQ BEQ BCC BCC 
1 REL | 1 REL | 1 REL | 1 REL | 1 REL | 1 REL a 
2 2 2 2 2 2 
2 BNE BNE . BEQ BEQ BCC BCC 
0010 1 REL} 1 REL | 1 REL} 1 REL | 1 REL} 1 REL at 
2 2 2 2 2 2 
BNE BNE BEQ BEQ BCC BCC 
1 REL} 1 REL |1 REL | 1 REL | 1 REL} 1 REL ee 
2 2 2 2 2 2 
4 BNE BNE BEQ BEQ BCC BCC 
0100 1 REL} 1 REL |1 REL} 1 REL | 1 REL | 1 REL Sk 
2 2 2 2 2 2 
BNE BNE BEQ BEQ BCC BCC BCS BCS 
[1 REL | 1 REL |1 REL} 1 REL | 1 REL} 1 REL |1 REL |1 REL 
2 2 2 2 2 2 2 2 
BNE BNE BEQ BEQ BCC BCC BCS BCS 
1 REL}? REL |1 REL | 1 REL | 1 REL | 1 REL |1 REL |1 REL 


2 2 2 2 2 2 2 2 
7 BNE BNE BEQ - BEQ BCC — BCC BCS Pree 
0111 REL | 1 REL | 1 REL | 1 REL | 1 REL | 1 REL | 1 REL |1 
peepee: 





Abbreviations for Address Modes 


INH Inherent * Indicates Instruction Reserved for Future Use 
S-D Short Direct # Indicates Illegal Instruction 

B-T-B Bit Test and Branch 

IMM = Immediate 


DIR Direct 
EXT Extended 
REL Relative 


BSC Bit Set/Clear 
R-IND Register Indirect 
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Instruction Set Opcode Map 
Register/Memory, Control, and Bit Manipulation Register/Memory and 
7. Write Instructions we Read/ Modify/Write 
meee JMPn ° BRCLRO BCLRO 0 
EXT 3 B-T-B BSC a IND a IND 0000 
JeBt JMPn " BRCLAI BCLR1 
EXT 8-7-8 BSC . IND . IND 
meen, JMPn ” BRCLR2 BCLR2 ADD ADD 
EXT INH | 3 BT-B BSC R-IND | R-INO 
Bake JMPn ° BRCLRS BCLR3 SUB SUB 
EXT 3 8.T-B BSC R-IND R-IND 
sae JMPn accuiais ° BRCLR4 BCLR4 CMP 4 
EXT 3 B.T-8 BSC R-IND of IND 0100 


2 a < 
2 at. 
2 anil 
rag JMPn ° BRCLRS BCLRS AND AND 
2 EXT 3 B-T-B BSC R-IND R-IND 
2 <a 
2 — = | 
2 pads © 










2 
2 
aoe JMPn 
EXT 
" BRCLA BCLR7 7 
8-T-8 BSC = IND 2 IND 0111 
" BRSETO BSETO 
8-T-B BSC gen 
"BREET! eae 
1 B-T-B 
" BRSET2 BSET2 
8-T-B BSC di 
_ BRSETS BSET3 
8-T-B BSC IMM 


" BRSETS BSETS 

B-T-B BSC IMM 
" BASES BSET6 

B-T-B | BSC 
" BRSET? BSET7 

B-T-B BSC 


LEGEND 


mere JMPn 
ext} 1 $-D 
aan JMPn 
2 ExT} 1 S-D 
oak JMPn 
2 ExT] 1 S-D 
aaa JMPn 
2 EXT} 1 —$-D 
xT om D 
xT a D 
xT ee D 
xT 











ae JMPn 

2 ExT] 1 
ae JMPn 

2 ExT! 1 
ae JMPn 

2 E 
ee, JMPn 

2 E 








Opcode in Hexadecimal 


Cycles 
Mnemonic 
Bytes 


Opcode in Binary 


Address Mode 
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SECTION 7 
ELECTRICAL SPECIFICATIONS 


7.1 INTRODUCTION 


This section contains the electrical specifications and associated timing for the EF6804J2. 


7.2 MAXIMUM RATINGS 


Syrba 
| Supply Voltage ~0.3 to +7.0 
Input Voltage -0.3 to / 7.0 


This device contains circuitry to protect 
the inputs against damage due to high 
Static voltages of electric fields; however, 






















in it is advised that normal precautions be 

Operating Temperature Range Ta TL to TH } °C taken to avoid application of any voltage 
Standard or L suffix 0 to 70 higher than maximum rated voltages to 

. this high impedance circuit. For proper 
ellis iiauthca operation it is recommended that Vjn and 
_T suffix -40 to 105 Vout be constrained to the range 

| 55 10 160 ¥s$<(Vin of Vout!< Vcc: Reliability of 
Junction Temperature Range operation is enhanced if unused inputs 

| ‘Plastic a 150 except EXTAL are connected to an ap- 
propriate logic voltage level (e.g., either 





‘Vss or Vcc). 
7.3 THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance 
Plastic 











Vcc =5.2V Vcc=5.2V 
Test 1N919 


or Equiv. 


Test 1N919 
4kQ Point or Equiv. 








1N4148 


1N4148 
or Equiv. 





Figure 7-1. LSTTL Equivalent 
Test Load (Port B) 





Test Point — 
Tt pF (Total) 


Figure 7-2. CMOS Equivalent 
Test Load (Ports A and B) 
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(Total) or Equiv. 





—_— 


Figure 7-3. LSTTL Equivalent 
Test Load (Port A and TIMER) 
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7.4 POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can be obtained from: 
TJ=TA+(PDe0JA) (1) 
Where: 

TA=Ambient Temperature, °C 
6jA= Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD = PINT + PPORT 
PINT=!cc x Vcc, Watts — Chip Internal Power 
PPORT = Port Power Dissipation, Watts — User Determined 

For most applications PPORT <PI|NT and can be neglected. PPORT may become significant if 

the device is configured to drive Darlington bases or sink LED loads. 
An approximate relationship between Pp and Ty (if PPORT is neglected) is: 


Pp=K+(TJj+ 273°C) (2) 
Solving equations 1 and 2 for K gives: 
K = Ppe(TA + 273°C) + OJ AePD2 (3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by 
measuring PD (at equilibrium) for a known Ta. Using this value of K the values of Pp and Ty can be 
obtained by solving equations (1) and (2) iteratively for any value of Ta. 


7.5 ELECTRICAL CHARACTERISTICS (Vcc= +5.0 Vdc+0.5 Vdc, VSS =0 Vdc, TA= Te to 
T,, unless otherwise noted) 







H 
: = Unit 
Internal Power Dissipation—No Port Loading Tp, =0°C PINT bees 170 [od 
Tp = -40°C _ 210 
Vin | 40 | — | vec 
finpattow voltage SSCS SK] Vs | | OT 
finput Capacitance SSCS~C~C‘“‘C‘;~C;~C;~C~;~C~*~C*~CS~S~S~SdS in P= | dC dC 
[input Curent RG, RES ——SSSSCSCSC~C~sCSsSCSCS th ~-| - | 2 | > | oA _| 






7.6 SWITCHING CHARACTERISTICS (Vcc= +5.0 Vdc+0.5 Vdc, VSs=GND, TA=T, to 
Ty unless otherwise noted) 




























Characteristic | Min | 
Oscillator Frequency | fosc | 40 To - [| 0 | Me | 
Bit Time | bit | 0.364 | - [ 10 [ #s | 
Byte Cycle Time | ‘byte | 436 | - | 120 [ «es _ | 
|IRQ and TIMER Pulse Width TWH] 2xtbyte | - SO] SO | 
tawe | 2xtpyte{ - | - | - | 
Ts a a Oa 
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7.7 PORT DC ELECTRICAL CHARACTERISTICS (Vcc= + 5.0 Vdc+0.5 Vdc, V§s= GND, 
Ta =T, to Ty unless otherwise noted) 


a 














Timer and Ports A (Standard) 
oy oe 
[Output High Voltage, ltoag= = 509A SSS Vw | 2 PP dT 
vin | 20| - | vec |v 
Input Low Voltage Vics | - | 08 | v | 
Hi-Z State Input Current ITS} - {| 4] 40 | wAl 








Timer and Ports A (Open Drain) 





Vat - | -] o [Vv 
vin | 20 | - | vec | Vv 
vu | vss | -| 08 | v1 
[Hiz State input Curent SSCSC~C~C~CSsCSSCS‘i sh | SE | | 
noof - | 4] © | +A] 
Timer and Ports A (CMOS Drive) 
[Output Low Voltage, Woad=04mA ISN SSCSC*~é‘“idRC“T SC dC dT CO 
Von [vec-1o] - [ - 
ee 
Input High Voltage. 1, 9ag= — 300 pA Max Vin | 20 { - | Vcc | 
[input Low Voltage, NLoad=~300"AWaxSSSCS~—~—~—~S*~C‘C~*~C~drC‘ CT =z | - ‘| 
mst] - 1-1 -% | 


Port B (Standard) 





Ouipat Low Volage: Neag=1Oma dV 
7 a el A 
[Output High Voltage. ILoad= = 100 9A on 2 
vin [eo Tee 
vss [= [08 
Hi-Z State Input Current Its | - | 8 [| 8 | 


Port B (Open Drain) 





[Ouipat tow Vowage Lgeg=tOmASCS~—“*~*~*S*~*S*~*S*~*~“~‘~i~C PCC dC dC 
vor | - | - | 5 |v 
vin | 20 | - | vec 
Finput Low Voltage SSSCSCS~C~CSCSCSCSSSCSCSCSsSC | ss 
Hi-Z State Input Current ITS! | = | 8 | 80 | gA | 
ioof - 1 ® | © [+A] 
Port B (CMOS Drive) 
vo] - | - Js |v, 
va} - | - | 15 [v1 
Von [vec-10| - | - |v] 
[Output High Voltage, WLoad= = 100uA SSS 2 | 
vn [20 | - | vec |v 
[input tow Voltage, W.oad= 300 WA Max—S—S—S—~C—~—~—CSCS | ss | td 
[HiZ State Input Current Vin=04VtoVec! ist | | = | ~300_ | a | 
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SECTION 8 
MECHANICAL DATA 


This section contains the pin assignment and package dimension diagrams for the EF6804J2 
microcomputer. 


8.1 PIN ASSIGNMENT 


Vss RESET 
TRO PA7 
Vcc PAG 
EXTAL PA5 
XTAL PA4 
MDS [ PB7 
TIMER PB6 
PBO PBS 
PBI PB4 
PB2 PB3 
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8.2 PHYSICAL DIMENSIONS 


CB-194 





(1) Nominal dimension 
(2) True geometrical pos 





P SUFFIX 
PLASTIC PACKAGE 
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SECTION 9 
ORDERING INFORMATION 


9.1 INTRODUCTION 


The following information is required when ordering a custom MCU. The information may be 
transmitted to THOMSON SEMICONDUCTEURS in the following media: 

EPROM(s), 2716 or 2732 

EFDOS/MDOS", disk file 


Toinitiate a ROM pattern for the MCU, it is necessary to first contact your local field service office, 
local sales person, or your local THOMSON SEMICONDUCTEURS representative. 


9.1.1 EPROMs 


One 2716 or one 2732 type EPROM, programmed with the customer program (positive logic sense 
for address and data), may be submitted for pattern generation. Since all program and data space 
information will fit on one 2716 or 2732 EPROM, the EPROM must be programmed as follows in 
order to emulate the EF6804J2 MCU. Fora 2716, start the data space ROM! at EPROM 
address $020 and start program space ROM at EPROM address $410 and continue to memory 
space $7FF. Memory spaces $7F8 through $7FB are reserved for THOMSON SEMICON- 
DUCTEURS self-test vectors. For 'a 2732, the memory map shown in Figure 2-1 can be used. 
All unused bytes, including the user’s space, must be set to zero. For shipment to THOMSON 
SEMICONDUCTEURS the EPROMs should be placed in a conductive IC carrier and packed 
securely. Do not use styrofoam. | 


9.1.2 EFDOS/MDOS* Disk File 


An EFDOS/MDOS* disk, programmed with the customer program (positive logic sense for address 
and data), may be submitted for pattern generation. When using the EFDOS/MDOS* disk, include 
the entire memory image of both data and program space. All unused bytes, including the user’s 
space, must be set to zero. 


9.2 VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are filed for contractual purposes and are not 
returned. A computer listing of the ROM code will be generated and returned along with a listing 
verification form. The listing should be thoroughly checked and the verification form completed, 
signed, and returned to THOMSON SEMICONDUCTEURS. The signed verification form constitutes 
the contractural agreement for creation of the customer mask. If desired, THOMSON SEMICON- 
DUCTEURS will program a blank 2716, 2732, or EFDOS/MDOS* disk (supplied by the customer) 
from the data file used to create the custom mask to aid in the verification process. 


* Requires prior factory approval 
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9.3 ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer’s ROM pattern will be sent for program verification. These 
units will have been made using the custom mask but are for the purpose of ROM verification only. 
For expediency they are usually tested only at room temperature, five volts and may be unmarked 
and packaged in ceramic. These RVUs are included in the mask charge and-are not production parts. 





These RVUs are not backed nor guaranteed by THOMSON SEMICONDUCTEURS Quality Assurance. 


9.4 FLEXIBLE DISKS 


The disk media submitted must be single-sided single density, 8-inch, EFDOS/MDOS* compatible 
floppies. The customer must clearly label the disk with the ROM pattern file name. The minimum 
EFDOS/MDOS* system files as well as the absolute binary object file (file name. LO type of file) 
from the 6804 cross assembler must be on the disk. An object file made from a memory dump, 
using the ROLLOUT command is also admissable. Consider submitting a source listing as well as: 
file name, .LX (DEVICE/EXORciser loadable format). This file will of course be kept confidential 
and is used 1) to speed up the process in house if any problems arise, and 2) to speed up our 
customer to factory interface if a user finds any software errors and needs assistance quickly from 
THOMSON SEMICONDUCTEURS factory representatives. 


EFDOS is THOMSON SEMICONDUCTEURS Disk Operating System available on development 
systems such as DEVICE. 

MDOS is MOTOROLA's Disk Operating System available on development systems such as EXOR- 
ciser .. 

*Requires prior factory approval. 


Whenever ordering a custom MCU is required, please contact your local THOMSON SEMICON- 


DUCTEURS distributor and/or complete and send the attached “MCU customer ordering sheet 


SEMICONDUCTEURS representative. 
ORDERING IN FORMATION 


EF6804J2 ;P)V)_ 
Device | | = Screening level 
Package Oper. temp. 


The table below horizontally shows all available suffix combinations for package, operating temperature and screening 
level. Other possibilities on request. 


EF6804J2 


| Exampies : EF6804J2P, EF6804J2PV, EF6804J2PLD, EF6804J2PVD. 


Package : C : Ceramic DIL, P : Plastic DIL, FN : PLCC. 
Oper. temp. : L* : O°C to + 70°C, V : -40°C to + 85°C, T : -40°C to + 105°C, * : may be omitted. 
Screening level : Std : (no-end suffix), D : NFC 96883 level D. 





EXORciser is a registered trademark of Motorola Inc. 


These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different products. 


Printed in France 
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ADVANCE INFORMATION 


The EF6804P2 Microcomputer Unit (MCU) is a member of the 
EF6804 Family of very low-cost single-chip microcomputers. This 8- 
bit microcomputer contains a CPU, on-chip CLOCK, ROM, RAM, 
1/0, and TIMER. It is designed for the user who needs an economical 
microcomputer with the proven capabilities of the EF6800-based ins- 
truction set. The following are some of the hardware and software 
highlights of the EF6804P2 MCU. 


HARDWARE FEATURES 


8-Bit Architecture 

Pin Compatible with the EF6805P2 and EF68HC04P3 

32 Bytes of RAM 

Memory Mapped 1/O 

1020 Bytes of User ROM 

64 Bytes of ROM for Look-Up Tables ae salt FIX 
20 TTL/CMOS Compatible Bidirectional 1/O Lines (Eight Lines Mey vee 
are LED Compatible) 

8-Bit Timer with 7-Bit Software Programmable Prescaler 

On-Chip Clock Generator 
_ Sel f-Check Mode and ROM Verify Mode 

Master Reset 

Complete Development System Support on DEVICE® 

5 Volt Single Supply 

TIMER Pin is Programmable as Input or Output FN SUFFIX 


PLCC-28 


SOFTWARE FEATURES 


Similar to EF6805 HMOS Family 

Byte Efficient Instruction Set 

Easy to Program 

True Bit Manipulation 

Bit Test and Branch Instruction 

Separate Flags for Interrupt and Normal Processing 
Versatile Indirect Registers 

Conditional Branches 

Single Instruction Memory Examine/Change 

True LIFO Stack Eliminates Stack Pointer 

Eight Powerful Addressing Modes 

Any Bit in Data Space Memory May be Tested 
Any Bit in Data Space Memory Capable of Being Written to 
May be Set or Cleared. 


USER SELECTABLE OPTIONS 


® 20 Bidirectional 1/O Lines with LSTTL, LSTTL/CMOS, or 
Open-Drain Interface 

@ Crystal or Low-Cost Resistor-Capacitor Oscillator 

@ Mask Selectable Edge- or Level-Sensitive Interrupt Pin 





DEVICE® js THOMSON SEMICONDUCTEURS’ development/emulation tool. 
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BLOCK DIAGRAM 


a8 XTAL EXTAL RESET MDS iRO 


8-Bit 
Timer/ Status 
8 Control Register 


Accumulator 
8 A 

























CPU 
Indirect Control 
Register 
PAO ig (Note) xP 
PAI Indirect 
Port PA2 Port Register 
A PA3 A g (Note) yp 
1/0 PA4 Reg 
PA6 2 
ia S Program 
Counter 
4 High PCH 
1020 x 8 Program 
User Program ROM | Counter 


Low PCL 


292 x8 
Self-Check ROM 








Port 
. B 
. | Reg. ; 
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RAM 
Port 


C 
Reg. 


64x8 
Data ROM 


PBO 
PB1 
PB2 


PB4 
PBS 


PB7 


PCO 
PC1 
PC2 
PC3 


Port 


1/0 
Lines 


Port 


1/0 
Lines 


NOTE: 8-Bit indirect registers XP and YP, although shown as part of the CPU, are actually located in the 32 x 8 RAM at locations $80 


and $81. 


2/44 





THOMSON SEMICONDUCTEURS 
2-136 








E F6804P2 


SECTION 2 
FUNCTIONAL PIN DESCRIPTION, MEMORY, CPU, AND REGISTERS 


This section provides a description of the functional pins, memory spaces, the central processing 
unit (CPU), and the various registers and flags. 


2.1 FUNCTIONAL PIN DESCRIPTION 


2.1.1 Vcc and Vss 


Power is supplied to the MCU using these two pins. VCC is power and VS§ is the ground 
connection. 


2.1.2 IRO 


This pin provides the capability for asynchronously applying an external interrupt to the MCU. Refer 
to 4.1 INTERRUPT for additional information. 


2.1.3 XTAL and EXTAL 


These pins provide connections to the on-chip clock oscillator circuit. A crystal, a resistor and 
Capacitor, or an external signal, depending on the user selectable manufacturing mask option, can 
be connected to these pins to provide a system clock source with various stability/cost tradeoffs. 
Lead lengths and stray capacitance on these two pins should be minimized. Refer to 4.4 INTERNAL 
CLOCK GENERATOR OPTIONS for recommendations concerning these inputs. 


2.1.4 TIMER 


In the input mode, the timer pin is connected to the prescaler input and serves as the timer clock. In 
the output mode, the timer pin signals that a time out of the timer has occurred. Refer to SECTION 
3 TIMER for additional information. 


2.1.5 RESET 


The RESET pin is used to restart the processor of the EF6804P2 to the beginning of a program. 





This pin, together with the MDS pin is also used to select the operating mode of the EF6804P2. If 


the MDS pin is at zero volts, the normal mode is selected and the program counter is loaded with 
the user restart vector. However, if the MDS pin is at +5 volts, then pins PA6 and PA7 are decoded 
to allow selection of the operating mode. Refer to 4.3 RESET for additional information. 
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2.1.6 MDS 


The MDS (mode select) pin is used to place the MCU into special operating modes. If MDS is held 
at +5 volts at the exit of the reset state, the decoded state of PA6 and PA7 is latched to determine 
the operating mode (single-chip, self-check, or ROM verify). However, if MDS is held at zero volts 
at the exit of the reset state, the single-chip operating mode is automatically selected (regardless of 
PA6 and PA7 state). 


For those users familiar with the EF6801 microcomputer, mode selection is similar but much less 
complex in the EF6804P2. No special external diodes, switches, transistors, etc. are required in the 
EF6804P2. 


2.1.7 Input/Output Lines (PAO-PA7, PBO-PB7, PCO-PC3) 


These 20 lines are arranged into two 8-bit ports (A and B) and one 4-bit port (C). All lines are pro- 
grammable as either inputs or outputs under software control of the data direction registers. Refer 
to SECTION 5 INPUT/OUTPUT PORTS for additional information. 


2.2 MEMORY 


The MCU operates in three different memory spaces: program space, data space, and stack space. 
A representation of these memory spaces is shown in Figure 2-1. The program space (Figure 2-1a) 
contains all of the instructions that are to be executed, as well as the data required for the im- 
mediate addressing mode instructions, and the self-check and user vectors. The data space (Figure 
2-1b) contains all of the RAM locations, plus |/O locations and some ROM used for storage of 
tables and constants. The stack space (Figure 2-1c) contains RAM which is used for stacking 
subroutine and interrupt return addresses. 


The MCU is capable of addressing 4096 bytes of program space memory with its program counter 
and 256 bytes of data space memory with its instructions. The data space memory contains three 
bytes for port data registers, three bytes for port data direction registers, one byte for timer 
status/control, 64 bytes ROM, 32 bytes RAM (which includes two bytes for XP and YP indirect _ 
registers), two bytes for timer prescaler and count registers, and one byte for the accumulator. The 
program space section includes 288 bytes of self-check ROM, 1016 bytes program ROM, and eight 
bytes of vectors for self-check and user programs. 


2.3 CENTRAL PROCESSING UNIT 


The CPU of the EF6804 Family is implemented independently from the |/O or memory configuration. 
Consequently, it can be treated as an independent central processor communicating with |/O and 
memory via internal addresses, data, and control buses. 
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(a) Program Space Memory Map 


Reserved (All Ones) 
Self-Check ROM 


Program ROM 


[sei creck Recor —_| 
[Ser check Restart vectr 
[User RE Vector 
[er Resor vecior 


$000 





SADF 
$AEO 







SBFF 
$C00 


SFF7 
SFF8-SFFO 
SFFA-SFFB 
SFFC-SFFD 
SFFE-SFFF 





(c) Stack Space Memory Map 


ea 
a eee | 
[tet 
[tee 












(b) Data Space Memory Map 





























| Port A Data Register $00 
Port B Data Register $01 
has ate i Port C Data Reg. | $02 
Not Used $03 
: Port A Data Direction Register $04 
Port B Data Direction Register $05 
ETT Pen cor} 208 
$07 
Not Used 

$08 
Timer Status Control Register $09 
SOA 

Future Expansion 
$1F 
$20 

User Data Space ROM 

i S5F 
$60 

Future Expansion 
$7F 
Indirect Register X $80 
| Indirect Register Y $81 
7 $82 

Data Space RAM 
| $OF 
| $AO 

Future Expansion 
SFC 
Prescaler Register $FD 
Timer Count Register SFE 
Accumulator | SFF 


Figure 2-1. EF6804P2 MCU Address Map 
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2.4 REGISTERS 


The EF6804 Family CPU has four registers and two flags available to the programmer. They are. 
shown in Figure 2-2 and are explained in the following paragraphs. 


7 0 


These Are 7 0 


Registers a Indirect 
In Data Register X 
Space RAM 
Indirect 


Program 


PCH PCL Counter 


Normal Flags 
ee 

Interrupt Flags 
SS 


Figure 2-2..Programming Model 


2.4.1 Accumulator (A) 


The accumulator is an 8-bit general purpose register used in all arithmetic calculations, logical 
Operations, and data manipulations. The accumulator is implemented as the highest RAM location 
(SFF) in data space and thus implies that several instructions exist which are not explicitly im- 
plemented. Refer to 6.3 IMPLIED INSTRUCTIONS for additional information. 


2.4.2 Indirect Registers (XP, YP) 


These two indirect registers are used to maintain pointers to other memory locations in data space. 
They are used in the register-indirect addressing mode, and can be accessed with the direct, in- 
direct, short direct, or bit set/clear addressing modes. These registers are implemented as two of 
the 32 RAM locations ($80, $81) and as such generate implied instructions and may be manipulated 
in a manner similar to any RAM memory location in data space. Refer to 6.3 IMPLIED INSTRUC- 
TIONS for additional information. 


2.4.3 Program Counter (PC) 


The program counter is a 12-bit register that contains the address of the next ROM word to be used 
(may be opcode, operand, or address of operand). The 12-bit program counter is contained in PCL 
(low byte) and PCH (high nibble). 
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2.4.4 Flags (C, Z) 


The carry (C) bit is set on a carry or a borrow out of the ALU. It is cleared if the result of an 
arithmetic operation does not result in a carry or a borrow. The (C) bit is also set to the value of the 
bit tested in a bit test instruction, and participates in the rotate left instruction. 


The zero (Z) bit is set if the result of the last arithmetic or logical operation was equal to zero, other- 
wise it is cleared. 


There are two sets of these flags, one set is for interrupt processing, the other for all other routines. 
When an interrupt occurs, a context switch is made from the program flags to the interrupt flags 
(interrupt mode). An RTI forces the context switch back to the program flags (program mode). 
While in either mode, only the flags for that mode are available. Further, the interrupt flags will not 
be cleared upon entering the interrupt mode. Instead, the flags will be as they were at the exit of the 
last interrupt mode. Both sets of flags are cleared by reset. 


2.4.5 Stack 


There is a true LIFO stack incorporated in the EF6804P2 which eliminates the need for a stack 
pointer. Stack space is implemented in separate RAM (12-bits wide) shown in Figure 2-1c. 
Whenever a subroutine call (or interrupt) occurs, the contents of the PC are shifted into the top 
register of the stack. At the same time (same cycle), the top register is shifted to the next level 
deeper. This happens to all registers with the bottom register falling out the bottom of the stack. 


Whenever a subroutine or interrupt return occurs, the top register is shifted into the PC and all 
lower registers are shifted up one level higher. The stack RAM is four levels deep. If the stack is 
pulled more than four times without any pushes, the address that was stored in the bottom level will 
be shifted into the PC. 


THOMSON SEMICONDUCTEURS eee ere ee OER ANE Ll 
2-141 


EF6804P2 








SECTION 3 
TIMER 


3.1 INTRODUCTION 


A block diagram of the EF6804P2 timer circuitry is shown in Figure 3-1. The timer logic in the MCU 
is comprised of a simple 8-bit counter (timer count register, TCR) with a 7-bit prescaler, and a timer 
status/control register (TSCR). The timer count register, which may be loaded under program con- 
trol, is decremented towards zero by a clock input (prescaler output). The prescaler is used to ex- 
tend the maximum interval of the overall timer. The prescaler tap is selected by bits 0-2 (PSO-PS2) 
of the timer status/control register. Bits PSO-PS2 control the actual division of the prescaler within 
the range of divide-by-1 (20) to divide-by-128 (27). The timer count register (TCR) and prescaler are 
decremented on rising clock edges. The coding of the TCSR PSO-PS2 bits produce a division in the 
prescaler as shown in Table 3-1. 


Table 3-1. Prescaler Coding Table 





The TIMER pin may be programmed as either an input or an output depending on the status of 

TOUT (TSCR bit 5). Refer to Figure 3-1. In the input mode, TOUT is a logic zero and the TIMER pin 

is connected directly to the prescaler input. Therefore, the timer prescaler is clocked by the signal 
applied from the TIMER pin. The prescaler then divides its clock input by a value determined by the 

coding of the TSCR bits PSO-PS2 as shown in Table 3-1. The divided prescaler output then clocks 

the 8-bit timer count register (TCR). When the TCR is decremented to zero, it sets the TMZ bit in 

the timer status/control register (TSCR). The TMZ bit can be tested under program control to per- 

form a timer function whenever it goes high. The frequency of the external clock applied to the 

TIMER pin must be less than tbyte (fosc/48). 


In the output mode, TOUT is a logic one and the TIMER pin is connected to the DOUT latch. 
Therefore, the timer prescaler is clocked by the internal sync pulse (divide-by-48 of the internal 
oscillator). Operation is similar to that described above for the input mode. However, in the output 
mode, the low-to-high TMZ bit transition is used to latch the DOUT bit of the TSCR and provide it 
as output for the TIMER pin. 


NOTE 


TMZ is normally set to logic one when the timer times out (TCR decrements to $00); 
however, it may be set by a write of $00 to the TCR or by a write to bit 7 of the TSCR. 
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Figure 3-1. Timer Block Diagram 
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During reset, the timer count register and prescaler are set to $FF, while the timer status/ control 
register is cleared to $00 and the DOUT LATCH (TIMER pin is in the high-impedance input mode) is 
forced to a logic high. The prescaler and timer count register are implemented in data space RAM 
locations ($FD, SFE); therefore, they are both readable and writeable. A write to either will 
predominate over the TCR decrement-to-$00 function; i.e., if a write and a TCR decrement-to-$00 
occur simultaneously, the write will take precedence, and the TMZ bit is.not set until the next timer 


time out. 


3.2 TIMER REGISTERS 


3.2.1 Timer Count Register (TCR) 


© 


7 
MSB LSB 
TCR Address = $FE 


The timer count register indicates the state of the internal 8-bit counter. 


3.2.2 Timer Status/Control Register (TSCR) 


b7,TMZ 


b6 


b5, TOUT 


b0, b1, b2 
PSO-PS1-PS2 





7 6 5 4 3 Z 1 0 


TSCR Address = $09 


Low-to-high transition indicates the timer count register has decremented to zero 
since the timer status/control register was last read. Cleared by a read of TSCR 
register if TMZ was read as a logic one. 


Not used. 


When low, this bit selects the input mode for the timer. When high, the output 
mode is selected. 


Data sent to the timer output pin when TMZ is set high (output mode only). 
Used to initialize the prescaler and inhibit its counting while PS! = 0. The initialized 
value is set to $FF. The timer count register will also be inhibited (contents un- 


changed). When PSI=1 the prescaler begins to count downward. 


These bits are used to select the prescaler divide-by ratio; therefore, effecting 
the clock input frequency to the timer count register. 
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3.2.3 Timer Prescaler Register 


6 0 
MSB LSB 


TPR Address = $FD 
The timer prescaler register indicates the state of the internal 7-bit prescaler. This 7-bit prescaler 


divide ratio is normally determined by bits PSO-PS2 of the timer status/control register (see Table 
3-1). 
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SECTION 4 
INTERRUPT, SELF-CHECK, RESET, AND INTERNAL CLOCK GENERATOR 


4.1 INTERRUPT 


The EF6804P2 can be interrupted by applying a logic low signal to the |RO pin ; however, a mask 
option selected at the time of manufacture determines whether the negative-going edge or the 
actual low level is sensed to indicate an interrupt. 


4.1.1 Edge-Sensitive Option 


When the IRQ pin is pulled low, the internal interrupt request latch is set. Prior to each instruction 
fetch, the interrupt request latch is tested and, if its output is high,aninterrupt sequence is initiated 
at the end of the current instruction (provided the interrupt mask is cleared). Figure 4-1 contains a 
flowchart which illustrates both the reset and interrupt sequence. The interrupt sequence consists 
of one cycle during which: the interrupt request latch is cleared, the interrupt mode flags are 
selected, the PC is saved on the stack, the interrupt mask is set, and the IRO vector (single chip 
mode= $FFC/$FFD, self-check mode = $FF8/$FF9) is loaded into the PC. Internal processing of the 
interrupt continues until an RTI (return from interrupt) instruction is processed. During the RT| in- 
struction, the interrupt mask is cleared and the program mode flags are selected. The next instruc- 
tion of the program is then fetched and executed. Once the interrupt was initially detected and the 
interrupt sequence started, the interrupt request latch is cleared so that the next (second) interrupt 
may be detected even while the previous (first) one is being serviced. However, even though the 
second interrupt sets the interrupt request latch during processing of the first interrupt, the second 
interrupt Sequence will not be initiated until completion of the interrupt service routine for the first 
interrupt. Completion of an interrupt service routine is always accomplished using an RTI instruc: 
tion to return to the main program. The interrupt mask (which is not directly available to the pro- 
grammer) is cleared during the last cycle of the RTI instruction. 


4.1.2 Level-Sensitive Option 


The actual operation of the level-sensitive and edge-sensitive options are similar except that the 
level-sensitive option does not have an interrupt request latch. With no interrupt request latch, the 
logic level of the IRO pin is checked for detection of the interrupt. Also, in the interrupt sequence, 
there is no need to clear the interrupt request latch. These differences are illustrated in the flowchart 
of Figure 4-1. 


4.1.3 Power Up and Timing 


During the power-up sequence the interrupt mask is set to preclude any false or ‘‘ghost’’ interrupts 
from occurring. To clear the interrupt mask, the programmer should write a JSR (instead of a JMP) 
instruction to an initialization routine as the first instruction in a program. The initialization routine 
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Figure 4-1. Reset and Interrupt Processing Flowchart 
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should end with an RTI (instead of RTS). Maximum interrupt response time is eight machine (thyte) 
cycles (see 4.4 INTERNAL CLOCK GENERATOR OPTIONS). This includes five machine cycles 
for the longest instruction, plus one machine cycle for stacking the PC and switching flags, plus two 
machine cycles for synchronization of the IRO input with the internal clock. Minimum response 
time is one machine cycle for stacking PC and switching flags (see 2.4.4 Flags (C, Z)). 


4.2 SELF-CHECK 


The self check capability of the EF6804P2 MCU provides an internal check to determine if the part 
is functional. A schematic diagram of the self-check connections is shown in Figure 4-2. To perform 
a functional check of the MCU, connect it as shown in Figure 4-2a and monitor the LEDs for a 00100 
($04) pattern on port A. To initiate a ROM self-check of the memory simply connect the circuit as 
shown in Figure 4-2b and check that the ‘‘good’’ LED turns on to indicate a good memory. The 
ROM verify uses a cyclical redundancy check (CRC) to conduct a ROM check by means of 
signature analysis circuit. This circuit consists of two 8-bit shift registers configured to perform the 
check using the CCITT polynominal. 


4.3 RESET 


The MCU can be reset in two ways: by initial power up (see Figure 4-1) and by the external reset in- 
put (RESET). During power up, a delay of tRHL is needed before allowing the RESET input to go 
high. This time delay allows the internal clock generator to stabilize. Connecting a capacitor and 
resistor to the RESET input, as shown in Figure 4-3, typically provides sufficient delay. 








4.4 INTERNAL CLOCK GENERATOR OPTIONS 


The internal clock generator circuit is designed to require a minimum of external components. A 
crystal, a resistor-capacitor, or an external signal may be used to generate a system clock with 
various Stability/ cost tradeoffs. A manufacturing mask option is required to select either the crystal 
oscillator or the RC oscillator circuit. The different clock generator option connection methods are 
shown in Figure 4-4, crystal specifications and suggested PC board layouts are given in Figure 4-5, 
resistor-capacitor selection graph is given in Figure 4-6, and a timing diagram is illustrated in Figure 
4-7. The crystal oscillator startup time is a function of many variables: crystal parameters (especially 
Rs), oscillator load capacitance (CL), |C parameters, ambient temperature, and supply voltage. To 
ensure rapid oscillator startup, neither the crystal characteristics nor the load capacitance should 
exceed recommendations. 


The oscillator output frequency is internally divided by four to produce the internal @1 and $2 
clocks. The $1 clock is divided by twelve to produce a machine byte (cycle) clock. A byte cycle is 
the smallest unit needed to execute any operation (i.e., increment the program counter). An in- 
struction may need two, four, or five byte cycles to execute. 
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Figure 4-2. Self-Check Circuit 
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Figure 4-3. Power-Up Reset Delay Circuit 
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Figure 4-4. Clock Generator Options 
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(a) 
Crystal Parameters Cy 


EXTAL 4 XTAL5 


Crystal Parameters 
AT — Cut Parallel Resonance Crystal 
Co=7 pF Maximum 
Freq. = 11. MHz 
Rs =50 Ohms Maximum 


Piezoelectric ceramic resonators which 
(b) have the equivalent specifications may be (c) 


yj : used instead of crystal oscillators. Follow 

ySio7) / CL2 // ee 

( ac Y/1Q) Crystal tig Y) 

// {T) ’ada [77 /} 
Ee 


ceramic resonator manufacturer's sug- 
Dy | EL | 
Cu 












gestions for Co, C7, and Rs values. 





Ci2 


NOTE: Keep crystal leads and circuit 
connections as short as possible. 


Figure 4-5. Crystal Motional Arm Parameters and Suggested PC Board Layout 


APPROXIMATE OSCILLATOR FREQUENCY (MH: 





2 4 6 8 10 #12 #14 =~ ~=«#16 18 
RESISTANCE (Ri) IN k2 


Figure 4-6. Typical Frequency Selection For Resistor-Capacitor 
Oscillator Option (CL = 17 pF) 
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(a) Oscillator — $1-¢2 Timing 
sc TT PL_LPFLILIJ LILI LIU LILI LI 
os eee aes Cee 


(b) #1 — Sync Timing 


SYNC | | 


Figure 4-7. Clock Generator Timing Diagram 
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SECTION 5 
INPUT/OUTPUT PORTS 


5.1 INPUT/OUTPUT 


There are 20 input/output pins. All pins (port A, B, and C) are programmable as either inputs or out- 
puts under software control of the corresponding data direction register (DDR). The port I/O pro- 
gramming is accomplished by writing the corresponding bit in the port DDR to a logic one for out- 
put or a logic zero for input. On reset, all the DDRs are initialized to a logic zero state to put the 
ports in the input mode. The port output registers are not initialized on reset but should be initialized 
before changing the DDR bits to avoid undefined levels. When programmed as outputs, the latched 
output data is readable as input data, regardless of the logic levels at the output pin due to output 
loading; see Figure 5-1. All input/output pins are LS TTL compatible as both inputs and outputs. In 
addition, all three ports may have one of two mask options: 1) internal pullup resistor for CMOS 
output compatibility, or 2) open drain output. The address map in Figure 2-1 gives the address of 
data registers and DDRs. The register configuration is discussed under the registers paragraph 
below and Figure 5-2 provides some examples of port connections. 
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Figure 5-1. Typical 1/O Port Circuitry 
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PA7 
PA6 
PAS 
PA4 
PA3 
PA2 
PAI 
PAO 


wy 






SN74LS04 
(Typical) 


eeeee7eee?eese 


\ / 





LSTTL Driving Port A Directly 


(CMOS Loads) 


(1 LSTTL Load) 





Port A, bit 7 programmed as output, driving 
CMOS loads and bit 4 driving one LSTTL 
load directly (using CMOS output option). 


co 






SN74LS04 = 
ies : PB4 
MCi4069 . PB3 
(Typical) ° PB2 


Wi, 





CMOS or LSTTL Driving Port B Directly 


(a) Input Mode 





Port B, bit 0, and bit 1 programmed as output, 
driving LEDs directly. 


(b) Output Mode 


MC14069 
(Typical) 





SN74LS04 
(Typical) 


CMOS and LSTTL Driving Port C Directly 


+V 


nee ce amare Inverter 
Pcif 9 | MC14049/ MC 14069 
PCO a Sees (Typical) 


Port C open drain option, with bits 0-3 pro- 
grammed as output, driving CMOS load via 
wired-ORed configuration. 


Figure 5-2. Typical Port Connections 
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The latched output data bit (see Figure 5-1) may always be written. Therefore, arly write to a port 
writes to all of its data bits even though the port DDR is set to input. This may be used to initialize 
the data registers and avoid undefined outputs; however, care must be exercised when using read- 
modify-write instructions since the data read corresponds to the pin level if the DDR is an input (0) 
and corresponds to the latched output data when the DDR is an output (1). The 20 bidirectional 
lines may be configured by port to be LSTTL (standard configuration), LSTTL/CMOS (mask op- 
tion), or open drain (mask option). Port B outputs are LED compatible. 


NOTE 


The mask option only allows changes by port. For example, if the customer wishes PA7 
to be open drain, then PAO-PA7 must all be open drain. 


5.2 REGISTERS 


The registers described below are implemented as RAM locations and thus may be read or written. 


5.2.1 Port Data Register 


c, 0 
MSB LSB 


Port A Address = $00 
Port B Address = $01 
Port C Address = $02 (Bits 0-3) 


The source of data read from the port data register will be the port !/O pin or previously latched out- 
put data depending upon the contents of the corresponding data direction register (DDR). The 
destination of data written to the port data register will be an output data latch. If the corresponding 
data direction register (DDR) for the port 1/0 pin is programmed as an output, the data will then ap- 
pear on the port pin. 


5.2.2 Port Data Direction Register 


7 0 
MSB LSB 
Port A Address = $04 
Port B Address= $05 
Port C Address = $06 (Bits 0-3) 


The port DDRs configure the port pins as either inputs or outputs. Each port pin can be pro- 
grammed individually to act as an input or an output. A zero in the pins corresponding bit position 
will program that pin as an input while a one in the pins corresponding bit position will program that 
pin aS an output. 
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SECTION 6 
SOFTWARE AND INSTRUCTION SET 


6.1 SOFTWARE 


6.1.1 Bit Manipulation 


The EF6804P2 MCU has the ability to set or clear any register or single random access memory 
(RAM) writable bit with a single instruction (BSET, BCLR). Any bit in data space, including ROM, 
can be tested, using the BRSET and BRCLR instructions, and the program may branch as a result 
of its state. The carry bit equals the value of the bit referenced by BRSET or BRCLR. A rotate in- 
struction may then be used to accumulate seria! input data in a RAM location or register. The 
capability to work with any bit in RAM, ROM, or I/O allows the user to have individual flags in RAM 
or to handle |/O bits as control lines. 


The coding example in Figure 6-1 illustrates the usefulness of the bit manipulation and test instruc- 
tions. Assume that the MCU is to communicate with an external serial device. The external device 
has a data ready signal, a data output line, and a clock line (to clock data one bit at a time, MSB 
first, out of the device). The MCU waits until the data is ready, clocks the external device, picks up 
the data in the carry flag (C bit), clears the clock line, and finally accumulates the data bit in the 
accumulator. 


Serial 
Device 


SELF BRSET 2,PORTA,SELF 


BSET 1,PORTA 
BRCLR 0O,PORTA,CONT 

CONT BCLR 1,PORTA 
ROLA 





Figure 6-1. Bit Manipulation Example 
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6.1.2 Addressing Modes 


The EF6804P2 MCU has nine addressing modes which are explained briefly in the following 
paragraphs. The EF6804P2 deals with objects in three different address spaces : program space, 
data space, and stack space. Program space contains the instructions which are to be executed, 
plus the data for immediate mode instructions. Data space contains all of the RAM locations, XP 
and YP registers, accumulator, timer, I/O locations, and some ROM (for storage of tables and con- 
stants). Stack space contains RAM for use in stacking the return addresses for subroutines and 
interrupts. 


The term “Effective Address” (EA) is used in describing the address modes. EA is defined as the ad- 
dress from which the argument for an instruction is fetched or stored. 


6.1.2.1 IMMEDIATE. In the immediate addressing mode, the operand is located in program ROM 
and is contained in a byte following the opcode. The immediate addressing mode is used to access 
constants which do not change during program execution (e.g., a constant used to initialize a loop 
counter). 


6.1.2.2 DIRECT. In the direct addressing mode, the effective address of the argument is contained 
in a single byte following the opcode byte. Direct addressing allows the user to directly address the 
256 bytes in data space memory with a single two-byte instruction. 


6.1.2.3 SHORT DIRECT. The MCU also has four locations in data space RAM ($80, $81, $82, $83) 
which may be used in a short-direct addressing mode. In this mode the opcode determines the data 
space RAM location, and the instruction is only one byte. Short direct addressing is a subset of the 
direct addressing mode. (The XP and YP registers are at locations $80 and $81 respectively.) 


6.1.2.4 EXTENDED. In the extended addressing mode, the effective address is obtained by con- 
catenating the four least significant bits of the opcode with the byte following the opcode (12-bit 
address). Instructions using the extended addressing mode (JMP, JSR) are capable of branching 
anywhere in program space. An extended addressing mode instruction is two bytes long. 


6.1.2.5 RELATIVE. The relative addressing mode is only used in conditional branch instructions. In 
relative addressing, that address is formed by adding the sign extended lower five bits of the opcode 
(the offset) to the program counter if and only if the condition is true. Otherwise, control proceeds 
to the next instruction. The span of relative addressing is from — 15 to +16 from the opcode ad- 
dress. The programmer need not worry about calculating the correct offset when using the 
assembler since it calculates the proper offset and checks to see if it is within the span of the 
branch. 


6.1.2.6 BIT SET/CLEAR. In the bit set/clear addressing mode, the bit to be set or cleared is part of 
the opcode, and the byte following the opcode specifies the direct address of the byte in which the 
specified bit is to be set or cleared. Thus, any bit in the 256 locations of data space memory, which 
can be written to, can be set or cleared. 
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6.1.2.7 BIT TEST AND BRANCH. The bit test and branch addressing mode is a combination of 
direct addressing and relative addressing. The bit and condition (set or clear) which is to be tested is 
included in the opcode, and the data space address of the byte to be tested is in the single byte im- 
mediately following the opcode byte. The third byte is sign extended to twelve bits and becomes 
the offset added to the program counter if the condition is true. The single three-byte instruction 
allows the program to branch based on the condition of any bit in data space memory. The span of 
branching is from — 125 to +130 from the opcode address. The state of the tested bit is also 
transferred to the carry flag. 


6.1.2.8 REGISTER-INDIRECT. In the register-indirect addressing mode, the operand is at the ad- 
dress (in data space) pointed to by the contents of one of the indirect registers (X or Y). The par- 
ticular X or Y register is selected by bit 4 of the opcode. Bit 4 of the opcode is then decoded into an 
address which selects the desired X or Y register ($80 or $81). A register-indirect instruction is one 
byte long. 


6.1.2.9 INHERENT. In the inherent addressing mode, all the information necessary to execute the 
instruction is contained in the opcode. These instructions are one byte long. 


6.2 INSTRUCTION SET 


The EF6804P2 MCU has a set of 42 basic instructions. which when combined with nine addressing 
modes produce 242 usable opcodes. They can be divided into five different types: register/ memory, 
read-modify-write, branch, bit manipulation, and control. The following paragraphs briefly explain 
each type. All the instructions within a given type are presented in individual tables. 


5.2.1 Register/Memory instructions 


Most of these instructions use two operands. One operand is the accumulator and the other 
operand is obtained from memory using one of the addressing modes. The jump unconditional 
(JMP) and jump to subroutine (JSR) instructions have no register operands. Refer to Table 6-1. 


5.2.2 Read-Modify-Write Instructions 


These instructions read a memory location or a register, modify or test its contents, and write the 
modified value back to memory or to the register. There are ten instructions which utilize read- 
modify-write cycles. All INC and DEC forms along with all bit manipulation instructions use this 
method. Refer to Table 6-2. 


6.2.3 Branch Instructions 


The branch instructions cause a branch from the program when a certain condition is met. Refer to 
Table 6-3. 


6.2.4 Bit Manipulation Instructions 


These instructions are used on any bit in data space memory. One group either sets or clears. The 
other group performs the bit test branch operations. Refer to Table 6-4. 
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Table 6-1. Register/Memory Instructions 






Short-Direct 


ee oe [seme [ee 
ait lcere Boerner enamels 
no Ooo noe eee ma 
fever fot Pt pet tet ttt ttt tpt 
fmvrrentomer fon || -1-|-[»{>]+[-]-1-]-]-|-1-]- 
aan aa Pee eee anes 
Cn Ce co CALI CN SNES CSS CS re ER 
semanas fae fe te fs [+ fe 


AND Memory to A 
duno 0 Subang ACRES Es CRORES SOME ERE Ce ES ER EN ER 
Freelance tl Pee cel eal et eel cect ak el eal, (Ce ee ee 
(aa (CY Sc ccm Ain Rc ea icc cee eg Ge el ac Ecole eae co ets 
Fs Ms (5 ESI RN cI Ue ciel ce etme cc Ree a lec Ord ee (eh Dele el eo ell 
mee EEE EEE Ee ES as 


Cael a ns Eo 
Move immediate Value 
to Memory 


Rotate A Left and [Rotate A Lett and Carry ROLA | 


betcicnest en cle SENOS Cx AEA CS GR Co ESE OS Ce ee em One oO Be 


SPECIAL NOTES 

1. In Short-Direct addressing, the LDA mnemonic represents opcode AC, AD, AE, and AF. This is equivalent to RAM locations $80 (AC), $81 (AD), $82 (AE), and $83 (AF) 
2. In Short-Direct addressing, the STA mnemonic represents opcode BC, BD, BE, and BF. This is equivalent to RAM locations $80 (BC), $81 (BD), $82 (BE), and $83 (BF). 
3. In Extended addressing, the four LSBs of the opcode (Mnemonic JSR and JMP) are formed by the four MSBs of the target address. (TAR) 
4. In Immediate addressing, the LDXI and LDY! are mnemonics which are recognized as follows: 

LOX!=MVi $80,data 

LDYI=MVI $81,data Where data is a one-byte hexadecimal number. 
5. The MVI instruction refers to both !mmediate and Direct addressing. 
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Table 6-2. Read-Modify-Write Instructions 


Addressing Modes 
| indirect ST Cirect Short-Direct | 


Bytes Cycles | Opcode Bytes Cycles | Opcode Bytes Cycles Notes 










eae ee ee 
cr A A 
lincementA  ———s—s||_—S INCA | CO — S|] OS] hu Sr] CU re fl luck Tl la Lt UK LK 
eee ee ee 

ee ee ee 

amie neneiewen Tbe |e ae 

[DecrementA ss {_—becA [| — [| — [| -—~ {| - | FF | 2 | 4 | 

op a Le al aE 

[Decrement YP i] =SCECY «| - [| - | - {| - [| - | - | - | 





SPECIAL NOTES 


1. In Short-Direct addressing, the INC mnemonic represents opcode A8, AQ, AA, and AB. These are equivalent to RAM locations $80 {A8), $81 (A9), $82 (AA), 
and $83 (AB). 
2. In Short-Direct addressing, the DEC mnemonic represents opcode B8, B9, BA, and BB. These are equivalent to RAM locations $80 (B8), $81 (B9), $82 (BA), 
and $83 (BB). 
3. In Indirect addressing, the INC mnemonic represents opcode E6 or F6, and causes the location pointed to by XP (E6 opcode) or YP (F6 opcode) to be incremented. 
4. In Indirect addressing, the INC mnemonic represents opcode E7 or F7, and causes the location pointed to by XP (E7 opcode) or YP (F7 opcode) to be incremented. 
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Table 6-3. Branch Instructions 


Relative Addressing Mode 





SPECIAL NOTES 


1. Each mnemonic of the Branch Instructions covers a range of 32 opcodes; e.g., BCC ranges from 40 through 5F. The 
actual memory location (target address) to which the branch is made is formed by adding the sign extended lower five 


bits of the opcode to the contents of the program counter. 
2. The BHS instruction (shown in parentheses) is identical to the BCC instruction. The C bit is clear if the register was higher 


or the same as the location in the memory to which it was compared. 
3. The BLO instruction (shown in parentheses) is identical to the BCS instruction. The C bit is set if the register was lower 


than the location in memory to which it was compared. 


Table 6-4. Bit Manipulation Instructions 














Addressing Modes 


| Bit Set/ Clear Bit Test and Branch 
# # # # 
Function Opcode | Bytes {| Cycles | Opcode| Bytes | Cycles 


Branch IFF Bit n is set TBRSETn(n=0....7)[ — | So = | 
[Branch IFF Bit nis clear [BRCLAnin=0....7)| —_| eae 
paen| 2 | 4 {| - | - | 
_Clear Bit n [BcLRnin=O....7) | DO+n]| 2 | 4 [ = | = | 


SPECIAL NOTE 
1. The opcode is formed by adding the bit number (0-7) to the basic opcode. For example: to clear bit six using the BSET6 


Fe i eee a ee ‘ nom 


ates Sate. Obese ht a os i Pr ro. AV. AMA Ee LHe ann e\. 
MowUcion ine OpcouEe OECOMES UC IVOtT OU), BDULNG BECOMES CUT 5; GIT. 
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6.2.5 Control Instructions 


The control instructions control the MCU operations during program execution. Refer to Table 6-5. 


6.2.6 Alphabetical Listing 


The complete instruction set is given in alphabetical order in Table 6-6. There are certain mnemo- 
nics recognized by the assember and converted to other instructions. The fact that all registers and 
accumulator are in RAM allows many implied instructions to exist. The implied instructions reco- 
gnized by the assembler are identified in Table 6-6. 


6.2.7 Opcode Map Summary 


Table 6-7 contains an opcode map for the instructions used on the MCU. 


6.3 IMPLIED INSTRUCTIONS 


Since the accumulator and all other registers are located in RAM many implied instructions exist. 
The assembler-recognized implied instructions are given in Table 6-6. Some examples not recog- 
nized by the assembler are shown below. 


BCLR,7 $FF Ensures accumulator is plus 
BSET,7 $FF Ensures accumulator is minus 
BRCLR,7 $FF Branch iff accumulator is plus 
BRSET,7 $FF Branch iff accumulator is minus 
BRCLR,7 $80 Branch iff X is plus (BXPL) 
BRSET,7 $80 Branch iff X is minus (BXMI) 
BRCLR,7 $81 Branch iff Y is plus (BYPL) 
BRSET,7 $81 Branch iff Y is minus (BYMI) 
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Tabie 6-5. Control Instructions 









Addressing Modes 


Short-Direct _——___inherent___.__|__ tive |__| 










SPECIAL NOTE 


1. The NOP instruction is equivalent to a branch if equal (BEQ) to the location designated by PC+ 1. 


Special 
[Transfer AtoXP | = TAX, | BC a a ST el ae Sa = 
[TransferAtoYP | = TAY, =| BD i ee ee ee ee ee ee eee 
[TransferXPtoA | = TXA | AC Ee Ss ee ee ees ee eee ee 
a ee ee ee ee ee eee ee 
|Return from Subroutine | RTS | — _| P| - | 8 ft a ft 2 of] - | - | - | = 
[Return from Interrupt | RT| — | —- | B2 | 1 ] 2 |] = [| - | = | - 
[No-Operation sss | ~=NOP | CT ae ee ee ee ee ee ee ee 
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Table 6-6. Instruction Set 























Mnemonic Inherent Immediate Direct Clear Branch Indirect Extended Relative Z Cc 
[AND CS COC XX Ke 
PASAT SC*dT:C (SSCSC*C*dC: FP CAssemblerconvertsthisto“ADD FF” | | CECE 
(pee. eA _ | 
BCUR se re ee eh 
BCS eg ee a fl ee ee ee ee he ee oe 
HOE Qa me ate OMS Se ee fe te ede eal se de SR le es | 
cS NS MN OT NE NC 
rato SSCS—C—C—SSSSSSSC*dSCSSS*dS Assembler converts this to cS” SC«dESSSCSCSC*dYSC*C~C~‘CSC“‘C;C;*é‘iTSC‘ TS 
aa a eas eee ee ee ee a ee ee ee ee ee 
PERCU naa cS fae ea ce fe ee ee a eee le on 
USS a eee ee ee ee on ee ll So ce Oe Aad 
fcura——SCS~S~dCSCtC~t~—~‘iSSSCSCSC*dSCCA somber converts this to “SUB GFFS | +d «id —SCSSCSdS SCA dd 
roux —SOSC=~iCtC*C~C~C~wSSCS*dSC somber converts this to MV, BO" | *i|idTSSCd Cd 
fcLRY,—— CTCSdTC CCCs SC Assembler converts thisto“MVI#0, $81" [| | TC 
CMe ee eee ee on 
(COMA rae ee la ae ee ee 
MOEC. ge pe fe a eB  N 2 e 
[DECA——S«wdtCtC=‘“t*‘“~*~*dt:CSCSSTSCSC*dSCCSC somber converts this to DEC OFF” OT S| SCC SCT SCA dT CY 
fpecx, CTC Cd CAssembler converts thisto “Dec $80" | | A 
foecy = —ttt—CsdTC“ (SCT SCC Assembler converts thisto"Dec $81” | | 
PINGS Se eu ee es ee fe ee ek Te 
INCA. t—“<~idSsi“‘CNC;COCNCCE Assemblerconvertsthisto"INCSFF’ | TA 
[incx ss | dT SCS ASsemblercconvertsthisto“INC $80" | | 
INCY. TT Assembler converts this to “INC $81” [eeerenrent Earn yrement? | etree (Rey ae (a ae 
PUMPS ge ee ell oe eo eee eed ee ee ee ee ee 
Oo eee So a ee A ee ee ee ap Oe ta 
PED A a a 
rtox. t~<“—stS™SsSSSCti‘“‘(‘(iz..COC*;C;éz*C Assembler converts thisto “MVIDATA, 430°] —«— (s| | 
riovrSSCS*dSSSS Assembler converts this to MVIDATA, 3817] «| SidYSCid Sd 
SVE See Rn ee ee ce ee 
fNop)—CsdTCS“($NNCCdT:C CC Assembler converts thisto“BEQ(PC)+ 1” | | 
OUR yn Ol I ee eee 
PRs cy eee ee te a a 
[ea ee ee Es ee ee Sees eee ee ee eee Ee ee 
STA ee (aaa: (aa a BE a ee ivcmereern ey mee am ae (ey eee 
SUB. ef ee) 
Tax CtCt—C—‘iSCSC‘“‘“‘“SSCSCSCSCSCSCSCA Sembee covert this tO” STASI COCSC~C“~*SCSCSCCSCCSSSSCSC~idSSC A CdS ed 
TAY, CT AsemblerconvertsthistoSTASBI” 
TxA Sts—C~*dSCSSSCSCSCSCSSSCSCSCSSSSsembler converts this to LDA SO" SSC. Aid|. 
[TYA. CU Asemblerconverts thisto"LDA SBI A 


Flag Symbols: Z= Zero, C= Carry/Borrow, A= Test and Set if True, Cleared Otherwise, © = Not Affected 
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Table 6-7 . EF6804P2 Microcomputer 


















Branch ag 


PP raat atte ect at = 
BNE BNE BEQ BEQ BCC BCC BCS BCS 
1 REL] 1 REL } 1 REL] 1 REL |] 1 REL} 1 REL } 1 REL} 1 REL 
2 2 2 2 2 2 2 5 
BNE BNE BEQ BEQ BCC BCC BCS BCS 
1 REL] 1 REL} 1 REL} 1 REL | 1 REL] 1 REL }1 REL | 1 REL 
2 2 2 2 2 2 2 2 
BNE BNE BEQ BEQ BCC BCC BCS BCS 
1 REL | 1 REL } 1 REL | 1 REL | 1 REL] 1 REL | 1 REL} 1 REL 
2 2 2 2 2 2 2 2 
4 BNE BNE BEQ BEQ BCC BCC BCS BCS 
0100 1 REL] 1 REL | 1 REL | 1 REL | 1 REL | 1 REL }1 REL | 1 REL 
2 2 2 2 2 2 2 2 
BNE BNE BEQ BEQ BCC BCC BCS BCS 
1 REL] 1 REL }1 REL {1 REL | 1 REL | 1 REL } 1 REL | 1 REL 
2 2 2 2 2 2 2 2 
BNE BNE BEQ BEQ BCC BCC BCS BCS 
1 REL| 1 REL |1 REL | 1 REL |1 REL | 1 REL |1 REL |1 REL | 
2 2 2 2 2 2 2 2 
7 BNE BNE BEQ BEQ BCC BCC BCS BCS 
0111 1 REL | 1 REL | 1 REL} 1 REL | 1 REL | 1 REL j1 REL } 1 REL 
2 2 2 2 2 2 2 2 
8 BNE BNE BEQ BEQ BCC BCC BCS BCS 
1000 1 REL| 1 REL |1 - Rec} REL | 1 REL | 1 REL |1 REL |1 REL 
2 2 2 2 2 2 2 2 
BNE BNE BEQ BEQ BCC BCC BCS BCS 
1 REL} 1 REL] 1 REL | 1 REL |] 1 REL; 1 REL ]1 REL ] 1 REL 
2 2 2 2 2 2 2 2 
BNE BNE BEO BEQ BCC BCC BCS | BCS 
REL i 2 REL } 1 REL | 1 REL |} 1 REL} 1 REL | 1 REL | 1 
Pe [of ef olf =e de 
2 2 2 2 2 ia 2 
BNE BEQ BEQ BCC BCC BCS BCS 
1 ar 1 REL | 1 REL] 1 REL | 1 REL] 1 REL | 1 REL | 1 REL 


2 2 2 2 2 2 2 2 
BNE BNE BEQ BEQ BCC BCC BCS BCS 








Abbreviations for Address Modes 


INH Inherent . Indicates Instruction Reserved for Future Use 
S-D Short Direct # Indicates Iliegal Instruction 

B-T-B Bit Test and Branch 

IMM Immediate 

DIR Direct 

EXT Extended 

REL Relative 

BSC Bit Set/Clear 

R-IND Register Indirect 
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Instruction Set Opcode Map 


Read/Modify/Write Instructions Instructions Read/ Modify/ Write 

eee 
1000 1010 1011 1100 W111 

4 5 4 4 
2 EXT | 2 E 3 B-T-B | 2 BSC R-IND R-IND 0000 
4 4 5 4 
2 EXT | 2 E 3 B-T-B | 2 BSC R-IND 
5 4 
E E 2 : 
SUB 










a 











4 4 
M 
xT 3 é 1 
4 
4 4 2 4 
JSRn JMPn R BRCLR2 BCLR2 ADD 
2 XT} 2 xT 1 3 BT-B BSC |1 R-IND 
4 74 2 5 4 4 
JSRn JMPn RT BRCLR3 BCLR3 
2 EXT | 2 XT 1 3 B-T-B | 2 BSC |1 R-IND 
4 4 4 5 4 4 
JSRn JMPn COMA BRCLR4 BCLR4 CMP 
2 EXT [2 EXT 1 3 B-T-B| 2 BSC }1 R-IND 
4 5 4 4 
ROLA BRCLRS5 BCLR5 AND AND 
E xT 1 3 B-T-B | 2 BSC }1 R-IND R-IND 
5 
om 
i? 2 
4 
D 
1 
4 
D 
1 
4 
D 
1 
4 
D 
1 


x< 
4 


4 4 
JSRn JMPn 
2 EXT | 2 
4 4 
JSRn JMPn 
2 EXT | 2 EX 
4 4 
JSRn JMPn C 
2 EXT] 2 EXT | 1 $-D 
4 
C 
S-D 
4 


E 
4 4 
JSRn JMPn 
2 E 
4 4 4 
BRCLR6 BCLR6 INC INC 6 
E 3 B 2 BSC |1 R-IND | 1 R-IND 0110 
5 4 4 4 
BRCLR7 BCLR7 DEC DEC 7 
3 B 2 BSC |1 R-IND | 1 R-IND 0111 
5 4 4 4 
BRSETO BSETO LDA LDA 8 
3 B 2 BSC ]2 IMM | 2 DIR 1000 
4 
ADD 


-T-B 
-T-B 
4 
IN 
-T-B 
4 4 4 4 
JSRn JMPn IN BSET1 STA 
2 XT} 2 EXT] 1 -T-B 2 BSC 2 DIR 
4 4 5 4 4 
JSRn JMPn BRSET2 BSET2 ADD A 
2 2 EXT 3 -T-B] 2 BSC |2 IMM | 2 DIR 1010 
4 4 
SUB 
-T-B DIR 
-T-B 
-T-B 
-T-B 
-T-B 


5 
BRSET1 
3 B 






JMPn 
2 EXT 


4 
JMPn 
2 EXT 
4 
2 


Vi 
IMM 
Ti 
INH 
S 
INH 
INH 
INH 
EC 
S-D 
EC 
S-D 
4 
INC EC 
1 S-D S-D 
4 
INC EC 
1 S-D S-D 
4 
LDA 
1 $-D 
4 
JMPn LDA 
1 S-D 
4 
LDA 
1 S-D 
4 
LDA 
1 S$-D 


EXT 
EXT B 
5 4 4 
JSRn BRSET3 BSET3 SUB 
2 EXT 3 B 2 BSC ]2 IMM | 2 
4 4 5 4 4 
JSRn STA BRSET4 BSET4 CMP 
2 EXT 1 S-D}3 8 2 BSC | 2 IMM 
4 4 5 4 4 
JSRn STA BRSET5 BSET5 AND 
2 EXT EXT 1 S-D] 3 B 2 BSC | 2 IMM 
4 4 4 5 4 
JRSn JMPn STA BRSET6 BSET6 
2 EXT | 2 EXT 1 $-D{3 B 2 BSC 
4 14 4 5 4 
JSRn JMPn STA BRSET7 BSET7 
2 EXT | 2 EXT —_ $-D}3 B 2 BSC 


LEGEND 





4 

CMP 
2 DIR 
4 

AND 
2 DIR 
4 

INC 
2 DIR 
4 

DEC 
2 DIR 









» Opcode in Hexadecimal 


Cycles - 
Mnemonic 
Bytes 


Opcode in Binary 


Address Mode 
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SECTION 7 





ELECTRICAL SPECIFICATIONS 


7.1 INTRODUCTION 


This section contains the electrical specifications and associated timing for the EF6804P2 


7.2 MAXIMUM RATINGS 


Symbl 



















TL to TH 
Oto 70 


-40 to 85 
-40 to 105 














| Supply Voltage -—0.3 to +7.0 
V 
C 
Standard or L suffix 
Storage Temperature Range — 55 to 150 
0 
PLCC 


Input Voltage —0.3 to +7.0 ee Moo 
| Operating Temperature Range TA 2 
V suffix 
T suffix 
Junction Temperature Range Tj Cc 
Plastic 150 
150 
7.3 THERMAL CHARACTERISTICS 





Characteristic 
Thermal Resistance 
Plastic 
PLCC 






Vcec=5.2V 





Test 1N919 
Point or Equiv. AKO 
Test Point Tae 
1N4148 30 pF (Total) 
or Equiv. | 


Figure 7-2. CMOS Equivalent 
Test Load (Ports A, B, C) 


Figure 7-1. LSTTL Equivalent 
Test Load (Port B) 
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8 JA °C/W 
70 
90 


This device contains circuitry to protect 
the inputs against damage due to high 
Static voltages of electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vip and 
Vout be constrained to the range 
VssslVin Or Vout) S Vcc. Reliability of 
Operation is enhanced if unused inputs 
except EXTAL are connected to an ap- 
propriate logic voltage level (e.g., either 


Vss or Vcc). 








Vcc=5.2V 
1N919 
or Equiv. 


Test 
Point 





10 kQ 


.1N4148 
or Equiv. 


Figure 7-3. LSTTL Equivalent 
Test Load (Ports A, C, 
and TIMER) 
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RSE a SCS SSS SSS SSS i ST SS SA SHR 


7.4 POWER CONSIDERATIONS 


The average chip-junction temperature, TJ, in °C can be obtained from: 
Ty=TA+(PDe8JA) (1) 
Where: 

TA=Ambient Temperature, °C 
6jA = Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD= PINT + PPORT 
PINT=!cc x Vcc, Watts — Chip Internal Power 
PPORT = Port Power Dissipation, Watts — User Determined 

For most applications PPORT<P|NT and can be neglected. PPORT may become significant if 

the device is configured to drive Darlington bases or sink LED loads. 
An approximate relationship between Pp and Ty (if PPORT is neglected) is: 


Pp=K+(Tj+273°C) (2) 
Solving equations 1 and 2 for K gives: 
K = Ppe(TA + 273°C) + OyAePD2 (3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by 
measuring Pp (at equilibrium) for a known TA. Using this value of K the values of Pp and Ty can be 
obtained by solving equations (1) and (2) iteratively for any value of TA. 


7.5 ELECTRICAL CHARACTERISTICS (VCc= +5.0 Vde+0.5 Vdc, Vgs=0 Vde, TA=T, to 
Ty unless otherwise noted) 


Internal Power Dissipation—No Port Loading T, =0°C 
Ta = -40°C 


Input Low Voltage | 
Input Capacitance 


Input Current (IRQ, RESET) 





7.6 SWITCHING CHARACTERISTICS (Vcc= +5.0 Vdc+0.5 Vde, Vgsg=GND, TA=T, to 
Ty unless otherwise noted) 


Characteristic 
Oscillator Frequency 





RESET Delay Time (External Capacitance = 1.0 »F) 
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7.7 PORT DC ELECTRICAL CHARACTERISTICS (Vcc= +5.0 Vdc+0.5 Vdc, VSS= GND, 
Ta =T, toTy unless otherwise noted) 


Symbel] Min | Typ] Max | Unie 
Timer and Ports A and C (Standard) 

















a ac a aR! 1-7 Gee a MER DC 
Tr ae Me 
avenge ee 
paelow Notes ee 

Hi-Z State Input Current ITS| fF o- | 4 | 40 | pA 
[Outaat Low Valige page OAM 
Finput igh Votinge a re 
anes ee ee ee 
a BE 
Sener laps Waevee eo | oe 
ouput Low Votage, Agaq=OAA Rd 
re es ca 
TE RC 
input igh Vege, Tigag= =O pA Wax in P80 ee 

Input Low Voltage, | oad= — 300 nA Max Vic | Yss | -— | 08 [ V4 

Hi-Z State Input Current (Vj, =0.4 V to Vcc) ts | - | -— | -300 |] oA] 


Port B (Standard) 






Output tow Vonage, Loag=tOmASC™~—~—“CS*S*S*S*SSS Vt | iY = Td CY 
[Output Low Voltage, ILoad=10 mA (Sink) SCS on | dP | 
[Output High Voltage, ILoad=—100"A—SSSSSSSCSCSCSCS~S~SCS Vo | 2 | | dC 
vin | 20 | - | Voc | V_ 
[input Low Votage SSCS |g | | 08 

Hi-Z State Input Current Its: | -— | 8 [| 80 | pA] 
[Output tow Volage gag=tOmA—SS—~—~—“—~*S*s*~sSSCS*SsS J Sd ‘YY 8 dC 
vor} - [| -] 18 |v 
Pinput High Votage SSCS mn 2 | Ve | I 
vu | Yss | - | 08 | v1 
PHIZ State Input Curent ——S~C~SCSSSCSCTTCCS~*dSC es | | 8] 80 | oA 
Open Drain Leakage (Voyt= Vcc) Foon {| - {| 8 | 80 | pA] 
[Output tow Vohags oa=tOmASSCSSCS*C~C~‘id Pd TC 
VO = i= | 
[Output High Voltage, ILoad=-10eA——SCS~SSSSS Vo [Vcc] — | id 
Von 24. oa ee 
Input High Voltage, || gad = — 300 nA Max VIH | 20 =f = | Vcc 
[input Low Voltage, lLoad= 300A Max——Ss—CSsSCSCSs(e | Yrs |] — | os | v 
[HiZ State input Curent Vin=04 Vtoveg) SS tg | PP - 0 
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SECTION 8 


MECHANICAL DATA 





This section contains the pin assignment and package dimension diagrams for the EF6804P2 


microcomputer. 


8.1 PIN ASSIGNMENTS 
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PA4 


PAO 
PB7 
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8.2 PHYSICAL DIMENSIONS 


CB-132 


(1) Nominal dimension 
(2) True geometrical position 





P SUFFIX 
PLASTIC PACKAGE 





CB-520 





FN SUFFIX 
PLCC 28 
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SECTION 9 
ORDERING INFORMATION 


9.1 INTRODUCTION 


The following information is required when ordering a custom MCU. The information may be 
transmitted to THOMSON SEMICONDUCTEURS in the following media: 

| EPROM(s), 2716 or 2732 

EFDOS/MDOS* disk file 


To initiate a ROM pattem for the MCU, it is necessary to first contact your local field service office, 
local sales person, or your local THOMSON SEMICONDUCTEURS representative. 


9.1.1 EPROMs 


One 2716 or one 2732 type EPROM, programmed with the customer program (positive logic 
sense for address and data), may be submitted for pattern generation. Since all program and 
data space information will fit on one 2716 EPROM, the EPROM must be programmed as 
follows in order to emulate the EF6804P2 MCU: start the data space ROM at EPROM 
address $020 and start program space ROM at EPROM address $400 and continue to 
memory space $7FF. All unused bytes, including the user’s space, must be set to zero, 
memory space $7F8 to $7FB is reserved for self-check vectors. When using one 2732 
EPROM, the memory map shown in Figure 2-1 can be used. For shipment to THOMSON 
SEMICONDUCTEURS the EPROMs should be placed in a conductive IC carrier and packed 
securely. Do not use styrofoam. 


9.1.2 EFDOS/MDOS* Disk File 


An EFDOS/MDOS* disk, programmed with the customer program (positive logic sense for address 
and data) may be submitted for pattern generation. When using the EFDOS/MDOS* disk, include 
the entire memory image of both data and program space. All unused bytes, including the user’s 
space, must be set to zero. 


9.2 VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are filed for contractual purposes and are not 
returned. A computer listing of the ROM code will be generated and returned along with a listing 
verification form. The listing should be thoroughly checked and the verification form completed, 
signed, and returned to THOMSON SEMICONDUCTEURS. The signed verification form consti- 
tutes the contractural agreement for creation of the customer mask. If desired, THOMSON 
SEMICONDUCTEURS will program a blank 2716, 2732, or EFDOS/MDOS* disk (supplied by the 
customer) from the data file used to create the custom mask to aid in the verification process. 


* Requires prior factory approval 
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9.3 ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern will be sent for program verification. These units 
will have been made using the custom mask but are for the purpose of ROM verification only. For 
expediency they are usually unmarked, packaged in ceramic, and tested only at room temperature 
and five volts. These RVUs are included in the mask charge and are not production parts. These 
RVUs are not backed nor guaranteed by THOMSON SEMICONDUCTEURS Quality Assurance. 


9.4 FLEXIBLE DISKS 


The disk media submitted must be single-sided, single density, 8-inch, EFDOS/MDOS* compatible 
floppies. The customer must clearly label the disk with the ROM pattern file name. The minimum 
EFDOS/MDOS* system files as well as the absolute binary object file (file name. LO type of file) 
from the 6804 cross-assembler must be on the disk. An object file made from a memory dump, 
using the ROLLOUT command is also admissable. Consider submitting a source listing as well as: 
filename, .LX (DEVICE/EXORciser loadable format). This file will of course be kept confidential and 
is used 1) to speed up the process in house if any problems arises, and 2) to speed up our customer 
to factory interface if an user finds any software errors and needs assistance quickly from 
THOMSON SEMICONDUCTEURS factory representatives. 


MDOS* (fully compatible with EFDOS) is Motorola’s Disk Operating System available on 
development systems Such as EXORcisers, EXORsets, etc. 


EFDOS is THOMSON SEMICONDUCTEURS Disk Operating System available on development 
systems such as DEVICE/EXOR... . 


Whenever ordering a custom MCU is required, please contact your local THOMSON-SEMI- 
CONDUCTEURS representative or THOMSON-SEMICONDUCTEURS distributor and/or complete 
and send the attached “MCU customer ordering sheet’’ to your local THOMSON-SEMI- 
CONDUCTEURS representative. 
* Requires prior factory approval 

ORDERING INFORMATION 


EF6804P2 ,P),V 
Device | | = Screening level 
Package Oper. temp. 


The table below horizontally shows all available suffix combinations for package, operating temperature and screening 
level. Other possibilities on request. 


EF6804P2 


Examples : EFG804P2P, EF6804P2FN, EF6804P2PV, EFG804P2FNV. 


Package : C : Ceramic DIL, P : Plastic DIL, FN : PLCC. 
Oper. temp. : L* : 0°C to +70°C, V : -40°C to +85°C, T : -40°C to + 105°C, * : may be omitted. 
Screening level : Std : (no-end suffix), D : NFC 96883 level D. 





EXORciser is a registered trademark to Motorola Inc. 


These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different products. 
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4. = 8-BIT MICROCOMPUTER 
ae 


i PRODUCT PREVIEW | 


The TS68HC04J3 microcomputer unit (MCU) is amember of the 68HCO4 
family of very low cost and low power single chip microcomputers. This 
8 bit microcomputer contains a CPU, on-chip clock, ROM, RAM, 1/O, 
and timer. It is designed for the user who needs an economical microcom- 
puter with the proven capabilities of the 6800 based instruction set. The 
following are some of the hardware and software highlights of the TS68HC 
04J3 MCU. 


HARDWARE FEATURES 

Low power HCMOS 

Power saving stop and wait modes 

Single 2.0 to 6.0 volt power supply 

8-bit architecture 

Fully static operation 

Pin compatible with 6804J2 

124 bytes of on-chip RAM with standby mode 

2 Kbytes of program ROM including 356 bytes for self-check program 
72 bytes of user data ROM for look-up tables 

12 TTL/CMOS compatible bidirectional 1/O lines 

On-chip clock generator — 

Extensive self-check capability allowing complete functional test of the 
chip (including ROM content) 

Master RESET and power-on-reset 

8-bit timer with software programmable 7-bit prescaler 

TIMER pin programmable as input or output 

Complete development system support on DEVICE®. 


SOFTWARE FEATURES 

@ Similar to 6800 family 

® Byte efficient instruction set 

@ Easy to program 

@ True bit manipulation 

@ Stop, Wait and bit manipulation instructions 

@ Bit test and branch instructions 

@ Versatile interrupt handling 

@ Separate flags for normal and interrupt processing 
@ True LIFO 4-level stack eliminating stack pointer 
@ Maskable timer interrupt 

@ Versatile indirect registers 

® Conditional branches 

@ Single instruction memory examine/change 

® 9 powerful addressing modes. 


USER SELECTABLE OPTIONS 
Crystal or low-cost resistor oscillator option 
Mask selectable internal clock generator options 
Mask selectable edge or level sensitive interrupt pin 
Program ROM protection option 
Optional pull-down devices on 1/O lines. 








HCMOS 
20 4 
1 


P SUFFIX 
PLASTIC PACKAGE 


PIN ASSIGNMENT 


20] RESET 
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BLOCK DIAGRAM 


XTAL EXTAL RESET MDS INT 


CPU 
Control 


TIMER Prescaler pices 
7 g Counter 
Timer Status/Con trol Oscillator 
Register 


Accumulator 
8 A 











Indirect 
Register 
















Indirect 








Register PBO 
py ae Port Data PBI 
VO } PA2 Bs a Condition Code Be ee ron 
Lines | PA3 was cl Register B 
R PB4{ I/O 
eg. 
PB5 §Lines 
PB6 
PB7 
Program 
Counter a <F 
High 
1692 x 8 gh_PCcH user Data 
User Program Program p 
ROM Counter 


Low PCL 


356 x 8 124 x 8 
Self-Check ROM RAM 


NOTE : 8-Bit Indirect Registers X and Y, although shown as part of the CPU are actually located in, the 124 x 8 RAM 
at locations $80 and $81. 


These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different products. 
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J ADVANCE INFORMATION 


HCMOS 


The EF68HCO4P3 microcomputer unit (MCU) is a member of the EF68HC 
04 family of very low cost and low power single chip microcomputers. 
This 8 bit microcomputer. contains a CPU, on-chip clock, ROM, RAM, 
1/O, and timer. It is designed for the user who needs an economical micro- 
computer with the proven capabilities of the EF6800 based instruction set. 
The following are some of the hardware and software highlights of the 
EF68HCO4P3 MCU. 


HARDWARE FEATURES 

@ Low power HCMOS 

Power saving stop and wait modes 

Single 2.0 to 6.0 volt power supply 

8-bit architecture 

Fully static operation 

Pin compatible with the EF6805P2 and E F6804P2 

124 bytes of on-chip RAM with standby mode 

2 Kbytes of program ROM including 356 bytes for self-check program 
72 bytes of user data ROM for look-up tables 

20 apen-collector TTL/CMOS compatible bidirectional |/O lines 

On-chip clock generator 

Extensive self-check capability allowing complete functional test of the 
chip (including ROM content) 

Master RESET and power-on-reset 

8-bit timer with 7-bit software programmable prescaler 

TIMER pin programmable as input or output 

Complete development system support on DEVICE®, 


P SUFFIX 
PLASTIC PACKAGE 


CB-520 


ba 


FN SUFFIX 
PLCC 28- 


OFTWARE FEATURES 
Similar to EF6800 family 
Byte efficient instruction set 
Easy to program 
True bit manipulation 
Stop, Wait and bit manipulation instructions 
Bit test and branch instructions 


S 
e PIN ASSIGNMENT 
e 
e 
e 
e 
|@ 
@ Versatile interrupt handling 
e 
e 
e 
@ 
© 
e 
e 


Vss | 
IRO. 
VCC 
EXTAL 
XTAL 
MDS 
TIMER 
PCO 
PC] 


Separate flags for normal and interrupt processing 
True LIFO 4-level stack eliminating stack pointer 
Maskable timer interrupt 

Versatile indirect registers 

Conditional branches 

Single instruction memory examine/change 


omon DO OO fF WY - 


9 powerful addressing modes.. 


USER SELECTABLE OPTIONS 
Crystal or low-cost resistor oscillator option 
Mask selectable internal clock generator options 
Mask selectable edge or level sensitive interrupt pin 
Program ROM protection option 
Optional pull-down devices on I/O lines. 


DEVICE® is THOMSON SEMICONDUCTEURS’ development/emulation tool. 
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BLOCK DIAGRAM 


XTAL EXTAL RESET MDS [RO 


TIMER I PRESCALER| |!MER/ 
7 g COUNTER 
TIMER STATUS/CONTROL 
REGISTER 
ACCUMULATOR 
8 _A 
| INotRECT | 
3 REG STER 


INDIRECT | 
REGISTER | 


OSCILLATOR 

















CPU 
CONTROL 








PAO 
PAI , . 
PORT pao CONDITION 
A PA3 REGISTER 
VO PpA4 4 CODE cc 
LINES pas 
PAG. STACK i 
PA? 12 
PROGRAM 
COUNTER 
14. HIGH PCH 
1692 «8 ; PROGRAM | | 
356x897 | BLOW pci 
sevr-crecx nom 
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DATA} PORT 


DIR. Cc 


REG. | REG. | 


72*8 
USER DATA 
SPACE ROM 


124 x 8 
RAM 


<—— pe 
DATA} PORT | > 
oir. | 8B 
| REG. | REG. |“ 


poe 


P80 
PB1 
PB2 PORT 
PB3 B 
PB4 1/0 
PBs LINES 
PB6 
PB7 


PCO PORT 
Pci 6C¢C 
PC2 1/0 
PC3 LINES 
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SECTION 2 
FUNCTIONAL PIN DESCRIPTION, MEMORY, CPU, AND REGISTERS 


This section provides a description of the functional pins, memory spaces, the central processing 
unit (CPU), and the various registers and flags. 


2.1 FUNCTIONAL PIN DESCRIPTION 


2.1.1 Vcc and VSs 


Power is supplied to the MCU using these two pins. VCC is power and VSs is the ground 
connection. 


2.1.2 IRA 


This pin provides the capability for asynchronously applying an external interrupt to the MCU. Refer 
to 4.1 INTERRUPT for additional information. 


2.1.3 XTAL and EXTAL 


These pins provide connections to the on-chip clock oscillator circuit. A crystal, a resistor and 
Capacitor, or an external signal, depending on the user selectable manufacturing mask option, can 
be connected to these pins to provide a system clock source with various stability/ cost tradeoffs. 
Lead lengths and stray capacitance on these two pins should be minimized. Refer to 4.4 INTERNAL 
CLOCK GENERATOR OPTIONS for recommendations concerning these inputs. 


2.1.4 TIMER 


In the input mode, the timer pin is connected to the prescaler input and serves as the timer clock 
or as an enable input for the internal clock. In the output mode, the timer pin signals that a time 
out of the timer has occurred. Refer to SECTION 3 TIMER for additional information. 


2.1.5 RESET 


The RESET pin is used to restart the processor of the EF68HCO4P3 to the beginning of a program. 
This pin, together with the MDS pin is also used to select the operating mode of the EF68HCO4P3. If 
the MDS pin is at zero volts, the normal mode is selected and the program counter is loaded with 
the user restart vector. However, if the MDS pin is at + 5 volts, then pins PA6 and PA/ are decoded 
to allow selection of the operating mode. Refer to 4.3 RESET for additional information. 
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2.1.6 MDS 


The MDS (mode select) pin is used to place the MCU into special operating modes. If MDS is held 
at +5 volts at the exit of the reset state, the decoded state of PA6 and PA7 is latched to determine 
the operating mode (single-chip, self-check, or ROM verify). However, if MDS is held at zero volts 
at the exit of the reset state, the single-chip operating mode is automatically selected (regardless of 
PA6 and PA7 state). 


For those users familiar with the EF6801 microcomputer, mode selection is similar but much less 
complex in the EF68HCO4P3. No special external diodes, switches, transistors, etc. are required in 
the EF68HCO4P3. 


2.1.7 Port Input/Output Lines (PAO-PA7, PBO-PB7, PCO-PC3) 


These 20 lines are arranged into two 8-bit ports (A and B) and one 4-bit port (C). All lines are pro- 
grammable as either inputs or outputs under software control of the data direction registers. Refer 
to SECTION 5 INPUT/OUTPUT PORTS for additional information. 


2.2 MEMORY 


The MCU operates in three different memory spaces: program space, data space, and stack space. 
A representation of these memory spaces is shown in Figure 2-1. The program space (Figure 2-1a) 
contains all of the instructions that are to be executed, as well as the data required for the im- 
mediate addressing mode instructions, and the self-check and user vectors. The data space (Figure 
2-1b) contains all of the RAM locations, plus I/O locations and some ROM used for storage of 
tables and constants. The stack space (Figure 2-1c) contains RAM which is used for stacking 
subroutine and interrupt return addresses. 


The MCU is capable of addressing 4096 bytes of program space memory with its program counter — 
and 256 bytes of data space memory with its instructions. The data space memory contains three 


bytes for port data registers, three bytes for port data direction registers, one byte for timer 
status/control, 72 bytes ROM, 124 bytes RAM (which includes two bytes for XP and YP indirect 


registers), two bytes for timer prescaler and count registers, and one byte for the accumulator. The 
program space section contains 2048 bytes of ROM including 356 bytes of self-check ROM and 
8 bytes of vectors for self-check and user programs. 


2.3 CENTRAL PROCESSING UNIT 


The CPU of the EF68HC04 Family is implemented independently from the 1/O or memory confi- 
guration. Consequently, it can be treated as an independent central processor communicating with 
1/O and memory via internal addresses, data, and control buses. . 
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(a) Program Space Memory Map 






Reserved (All zeros) 


Self-Check ROM 
Program ROM 


[seit creck RO Vectr 
Set heck Resor vector 
[User RG vec 
[ser Raster 











(c) Stack Space Memory Map 










Level 1 


tei 
tet 
twee 






EFG8HCO4P3 


$000 


S7FF 
$800 


SO5F 
S960 


SFF7 
SFF8-SFFQ 
SFFA-SFFB 
SFFC-SFFD 
SFFE-SFFF 


(b) Data Space Memory Map 


Port A Data Register 


Port B Data Register 


[Fon Bate Fegst 
TTT Tr [Ponca 


Not Used 


Port A Data Direction Register 
Port B Data Direction Register 
i ne 


Timer Status Control Register 
CRC LSB 
CRC MSB 


User Data Space ROM 


Future Expansion 


Indirect Register X * 
Indirect Register Y * 


$00 
$01 
$02 
$03 
$04 
$05 


$06 
$07 








$08 
$09 






SOA 
SOB 
Soc 


SOF 
$10 


sa 
18 


Sb 
$60 


S7F 


$80 
$81 
$82 














Data Space RAM 


SFB 
SFC 
$FD 


SFE 
SFF 


ae 
TPrescalerReasier 
[Timer Count Roaster 
[Aecomuteor—_—d 






* $80, $81, $82, $83 are used for short direct addressing. 


Figure 2-1. EFG8HCO4P3 MCU Address Map 
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2.4 REGISTERS 


The EF68HCO4 Family CPU has four registers and two flags available to the programmer. They are 
shown in Figure 2-2 and are explained in the following paragraphs. 


Accumulator 





These Are 7 0 
Registers 7 5 ~ Indirect 
In Data Succes Register X 
Space RAM 
7 0 
ae se = Indirect 
| - Register Y 
11 87 0 
Program 
PCH PCL Counter 
Normal Flags 
ene 
Interrupt Flags 
ce cA 


Figure 2-2. Programming Model 


2.4.1 Accumulator (A) 


The accumulator is an 8-bit general purpose register used in all arithmetic calculations, logical 
operations, and data manipulations. The accumulator is implemented as the highest RAM location 
(SFF) in data space and thus implies that several instructions exist which are not explicitly im- 
plemented. Refer to 6.3 IMPLIED INSTRUCTIONS for additional information. 


2.4.2 Indirect Registers (XP, YP) 


These two indirect registers are used to maintain pointers to other memory locations in data space. 
They are used in the register-indirect addressing mode, and can be accessed with the direct, in- 
direct, short direct, or bit set/clear addressing modes. These registers are implemented as two of 
the 124 RAM locations ($80, $81) and-as such generate implied instructions.and may be manipulated 
in a manner similar to any RAM memory location in data space. Refer to 6.3 IMPLIED INSTRUC- 
TIONS for additional information. 


2.4.3 Program Counter (PC) 


The program counter is a 12-bit register that contains the address of the next ROM word to be used 
(may be opcode, operand, or address of operand). The 12-bit program counter is contained in PCL 
(low byte) and PCH (high nibble). 
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2.4.4 Flags (C, Z) 


The carry (C) bit is set on a carry or a borrow out of the ALU. It is cleared if the result of an 
arithmetic operation does not result in a carry or a borrow. The (C) bit is also set to the value of the 
bit tested in a bit test instruction, and participates in the rotate left instruction. 


The zero (Z) bit is set if the result of the last arithmetic or logical operation was equal to zero, other- 
wise it is cleared. 


There are two sets of these flags, one set is for interrupt processing, the other for all other routines. 
When an interrupt occurs, a context switch is made from the program flags to the interrupt flags 
(interrupt mode). An RTI forces the context switch back to the program flags (program mode). 
While in either mode, only the flags for that mode are available. Further, the interrupt flags will not 
be cleared upon entering the interrupt mode. Instead, the flags will be as they were at the exit of the 
last interrupt mode. Both sets of flags are cleared by reset. 


2.4.5 Stack 


There is a true LIFO stack incorporated in the EF68HCO4P3 which eliminates the need for a stack 
pointer. Stack space is implemented in separate RAM (12-bits wide) shown in Figure 2-1c. 
Whenever a subroutine call (or interrupt) occurs, the contents of the PC are shifted into the top 
register of the stack. At the same time (same cycle), the top register is shifted to the next level 
deeper. This happens to all registers with the bottom register falling out the bottom of the stack. 


Whenever a subroutine or interrupt return occurs, the top register is shifted into the PC and all 
Jower registers are shifted up one level higher. Stack level 4 is loaded with the previous content of 
stack level 3. The stack RAM is four levels deep. 


se 


[Secktenit | 
[sek toes | 
[sek 











gol a sgl OR 


Figure 2-3. Stack Operation when RTS or RTI cccurs 


THORISON SEMICONDUCTEURS 
2-187 





E F68HCO4P3 








SECTION 3 
TIMER 


3.1 INTRODUCTION 


A block diagram of the EF68HCO4P3 timer circuitry is shown in Figure 3-1. The timer logic in 
the MCU is comprised of asimple 8-bit counter (timer count register, TCR) with a 7-bit prescaler, 
and a timer status/control register (TSCR). The timer count register, which may be loaded under 
program control. is decremented towards zero by aclock input (prescaler output). The prescaler 
is used toextend the maximum interval of the overall timer. The prescaler tap is selected by bits 0-2 
(PSO-PS2) of the timer status/control register. Bits PSO-PS2 contro! the actual division of the 
prescaler within the range of divide-by-1 (20) to divide-by-128 (27). The timer count register 
(TCR) and prescaler are decremented on rising clock edges. The coding of the TCSR PSO-PS2 
bits produces a division in the prescaler as shown in Table 3-1. 


Table 3-1. Prescaler Coding Table 


|PS2 | PS1 | PSO_[Divide By | 
0 | 0 1 
o | 1 2 
1 | 0 4 
1 {1 8 


TIMER pin may be programmed as either an output or an input depending on the status of DOUT 
and TOUT bits. Three modes are available. 


Output mode (TOUT = 1) 

The TIMER pin is connected to the DOUT latch. Therefore, the timer prescaler is clocked by the 
internal SYNC pulse. (Divide-by-12, -24 or 48 of the internal oscillator according to selected mask 
option, refer to 4.4 INTERNAL CLOCK GENERATOR OPTIONS). The prescaler then divides its 
clock input by a value determined by the coding of the TSCR bits PSO - PS2 as shown in table 3-1. 
The divided prescaler output then clocks the 8-bit timer count register (TCR). When the TCR count 
reaches zero, it sets the TMZ bit in the TSCR. The TMZ bit can be tested under program control 
to perform a timer function whenever it goes high. The low-to-high TMZ bit transition is used to 
latch the DOUT bit of the TSCR and provides it for the TIMER pin. 

Controlled mode (TOUT = 0, DOUT = 1) 

The TIMER pin is an input which controls the counting by the prescaler-timer. When high, it 
enables counting. Counting is disabled as long as this input remains low. Operation is similar to 
that described for the output mode. 

Cldéck input mode (TOUT =0 DOUT =0) 

The TIMER pin is connected directly to the prescaler input. Therefore the timer prescaler is clocked 
by the signal applied-from the TIMER pin. Operation is similar to that described for the output 


mode. The frequency of the signal applied to the TIMER pin must be less than 1/tpyte (fosc + 12, 
+24 or +48 according to selected mask option) because of internal synchronization. 


NOTE 









16 
32 
64 





0 
0 
0 
0 





TMZ is normally set to logic one when the timer times out (TCR count reaches $00) ; however, it 
may be set by a write of $00 to the TCR or by a write to bit 7 of the TSCR. 
TMZ bit is cleared by a read-only of the TSCR even if TMZ bit is not concerned by this read. 
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Figure 3-1. Timer Block Diagram 
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During reset, the timer count register and prescaler are set to $FF, while the timer status/control 
register is cleared to $00 and the DOUT LATCH (TIMER pin is in the high-impedance input mode) is 
forced to a logic high. The prescaler and timer count register are implemented in data space RAM 
locations ($FD, $FE); therefore, they are both readable and writeable. A write to either will 
predominate over the TCR decrement-to-$00 function; i.e., if a write and a TCR decrement-to-$00 
occur simultaneously, the write will take precedence, and the TMZ bit is not set until the next timer 


time out. 


3.2 TIMER REGISTERS 


3.2.1 Timer Count Register (TCR) 


MSB LSB} 
TCR Address = $FE 


oO 


The timer count register indicates the state of the internal 8-bit counter. 


3.2.2 Timer Status/Control Register (TSCR) 


7 6 5 4 3 2 1 0 


TSCR Address = $09 


b7,TMZ Low-to-high transition indicates the timer count register has decremented to zero 
since the timer status/control register was last read. Cleared by a read of TSCR 
register if TMZ was read as a logic one. 


b6, ETI This bit, when set, enables the timer interrupt. 


bs, TOUT When low, this bit selects the input modes for the timer. When high, the output 
mode is selected. 


b4, DOUT Data sent to the timer output pin when TMZ is set high (output mode only). 
Choice of input mode (input mode only). 


b3, PSI Used to initialize the prescaler and inhibit its counting while PSI=0. The initialized 
value is set to $FF. The timer count register will also be inhibited (contents un- 
changed). When PSi= 1 the prescaler begins to count downward. 


bO, b1, b2 These bits are used to select the prescaler divide-by ratio; therefore, effecting 
PSO-PS1-PS2 the clock input frequency to the timer count register. 
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3.2.3 Timer Prescaler Register 


6 
MSB LSB 
TPR Address = $FD 


oO 


The timer prescaler register indicates the state of the internal 7-bit prescaler. This 7-bit prescaler 
divide ratio is normally determined by bits PSO-PS2 of the timer status/control register (see Table 
3-1). 
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SECTION 4 
INTERRUPT, SELF-CHECK, RESET, AND INTERNAL CLOCK GENERATOR 


4.1 INTERRUPT 


The EF68HCO4P3 can be interrupted by applying a logic low signal to the IRQ pin ; however, a 
mask option selected at the time of manufacture determines whether the negative-going edge or the 
actual low level is sensed to indicate an interrupt The EF68HCO4P3 can also be interrupted by the 
timer if ETI bit in TCSR register is set. 


4.1.1 Edge-Sensitive Option 


When the IRQ pin is pulled low, the internal interrupt request latch is set after a maximum of 
3 machine cycles for internal synchronization. Prior to each instruction fetch, the interrupt 
latch is tested and, if its output is high, an interrupt sequence is initiated (provided the 
interrupt mask is cleared). Figure 4-1 contains a flowchart which illustrates both the reset 
and interrupt sequence. The interrupt sequence consists of one cycle during which the 
interrupt request latch is cleared, the interrupt mode flags are selected, the PC is saved on 

the stack, the interrupt mask is set, and the IRO vector (single chip mode = $FFC/$FFD, 
self-check mode = $FF8/$FF9) is loaded into the PC. Internal processing of the interrupt 
continues until an RTI (return from interrupt) instruction is processed. During the RTI 

instruction, the interrupt mask is cleared and the program mode flags are selected. The next 
instruction of the program is then fetched and executed unless the IRQ pin has been pulled 
low at least 3 cycles before the end of the RTI instruction (see above). In this case, another. 
interrupt sequence is initiated. Once the interrupt was initially detected and the interrupt 

sequence started, the interrupt request latch is cleared so that the next (second) interrupt 

may be detected even while the previous (first) one is being serviced. However, even though 

the second interrupt sets the interrupt request latch during processing of the first interrupt, 

the second interrupt sequence will not be initiated until completion of the interrupt service 

routine for the first interrupt. Completion of an interrupt Service routine is always accom- 

plished using an RTI instruction to return to the main program. The interrupt mask (which is 

not directly available to the programmer) is cleared during the last cycle of the RTI instruc- 

tion. 


4.1.2 Level-Sensitive Option 


The actual operation of the level-sensitive and edge-sensitive options are similar except that the 
level-sensitive option does not have an interrupt request latch. With no interrupt request latch, the 
logic level of the [RQ pin is checked for detection of the interrupt. Also, in the interrupt sequence, 
there is no need to clear the interrupt request latch. These differences are illustrated in the flowchart 
of Figure 4-1. 


4.1.3 Power Up and Timing 


During the power-up sequence the interrupt mask is set to preclude any false or ‘‘ghost’’ interrupts 
from occurring. To clear the interrupt mask, the programmer should write a JSR (instead of a JMP) 
instruction to an initialization routine as the first instruction in a program. The initialization routine 
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Figure 4-1. STOP, WAIT, INTERRUPT and RESET processing flowchart 
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should end with an RTI (instead of RTS) or with a STOP or WAIT instruction which clears the in- 
terrupt mask. Maximum interrupt response time is eight machine (thy te) cy cles (see 4.4 INTERNAL 
CLOCK GENERATOR OPTIONS). This includes five machine cycles for the longest instruction, 
plus one machine cycle for stacking the PC and switching flags and plus two machine cycles for 
synchronization of the IRQ input with internal machine cycles. Minimum response time is 
four machine cycles for internal synchronization (3 cycles) and for stacking PC and switch- 
ing flags (see 2.4.4 Flags (C, 2)). 


4.2 SELF-CHECK 


The self-check capability of the EF68HCQ4P3 MCU provides an intemal check to determine if the 
part a functional check of the MCU, connect it as shown in Figure 4-2a and monitor the LEDs for 
a 00100 ($04) pattern on port A. The MCU is left in the WAIT mode. A logical low signal applied 
to the IRQ pin places the MCU in the STOP mode. A 00101 ($05) pattern appears on port A. 
Another logical low signal applied on the IRQ pin enables exit from the STOP mode. The “final 
good” pattern (00110 - $06) appears on port A). To Initiate a ROM self-check of the memory sim- 
ply connect the circuit as shown in Figure 4-2b and check that the ’good’’ LED turns on to indica- 
te a good memory. The ROM verify uses a cyclical redundancy check (CRC) to conduct a ROM 
check by means of signature analysis circuit. This circuit consists of two 8-bit shift registers confi- 
gured to perform the check using the CCITT polynominal. A manu facturing mask option inhibits 
the outputs of the CRC data and the ROM data until the final result is available in order to protect 
the program ROM when the option is selected. 


4.3 RESET 


The MCU can be reset in two ways: by the external reset input (RESET) and by power-up detect 
(PUD). 


4.3.1. RESET input 


This input can be used to reset the MCU internal state and provides an orderly software start-up 
procedure. 


4.3.2 PUD 


It occurs when a positive transition is detected on Vcc on initial power-up. No external RC 
network is needed. PUD is used strictly for power turn-on conditions and should not be used to 
detect any drops in the power supply voltage. There is no provision in this block for power-down 
detect. When the MCU is reset by means of PUD, an internal delay of 1920 oscillator clock periods 
is generated for the oscillator to stabilize. The MCU emerges from the reset condition at the end of 
this temporization. 
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4.4 INTERNAL CLOCK GENERATOR OPTIONS 


The internal clock generator circuit is designed to require a minimum of external components. A 
crystal, a resistor-capacitor, or an external signal may be used to generate a system clock with 
various Stability/cost tradeoffs. A manufacturing mask option is required to select either the crystal 
oscillator or the RC oscillator circuit. The different clock generator option connection methods are 
shown in Figure 4-4, crystal specifications and suggested PC board layouts are given in Figure 4-5, 
resistor-Capacitor selection graph is given in Figure 4-6, and a timing diagram is illustrated in Figure 
4-7. The crystal oscillator startup time is a function of many variables: crystal parameters (especially 
Rs), oscillator load capacitance (CL), IC parameters, ambient temperature, and supply voltage. To 
ensure rapid oscillator startup, neither the crystal characteristics nor the load capacitance should 
exceed recommendations. 


The oscillator output frequency is internally divided by four, two or one depending upon a manu- 
facturing mask option selection to produce the internal ¢ 1 and ¢2 clocks. The $1 clock is divided 
by twelve to produce a machine byte (cycle) clock (internal SYNC pulse). A byte cycle is the 
smallest unit needed to execute any operation (i.e., increment the program counter). An instruc- 
tion may need two, four, or five byte cycles to be executed. 
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Figure 4-4. Clock Generator Options 
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(a) 
Crystal Parameters 
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Figure 4-5. Crystal Motional Arm Parameters and Suggested PC Board Layout 
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(a) Oscillator — $1 - ¢2 Timing (divide-by-four option) 
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Figure 4-7. Clock Generator Timing Diagram 
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SECTION 5 
INPUT/OUTPUT PORTS 


5.1 INPUT/OUTPUT 


There are 20 input/output pins. All pins (port A, B, and C) are programmable as either inputs or out- 
puts under software control of the corresponding data direction register (DDR). The port I/O pro- 
gramming is accomplished by writing the corresponding bit in the port DDR to a logic one for out- 
put or a logic zero for input. On reset, all the DDRs are initialized to a logic zero state to put the 
ports in the input mode. The port output registers are not initialized on reset but should be initialized 
before changing the DDR bits to avoid undefined levels. When programmed as outputs, the latched 
output data is readable as input data, regardless of the logic levels at the output pin due to output 
loading ; see Figure 5-1. All input/output pins are open collector LSTTL/CMOS compatible as 
both inputs and outputs. A manufacturing mask option enables the choice of additional pull-down 
devices on all |/O pins (Selection in 5 groups: PA7, PA(5:6), PA(1:4), Port B, PAO + Port C). 


The address map in Figure 2-1 gives the address of data registers and DDRs. The register configura- 
tion is discussed under the registers paragraph below. 
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Figure 5-1. Typical |/O Port Circuitry 
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The latched output data bit (see Figure 5-1) may always be written. Therefore, ariy write to a port 
writes to all of its data bits even though the port DDR is set to input. This may be used to initialize 
the data registers and avoid undefined outputs; however, care must be exercised when using read- 
modify-write instructions since the data read corresponds to the pin level if the DDR is an input (0) 
and corresponds to the latched output data when the DDR is an output (1). 


5.2 REGISTERS 
The registers described below are implemented as RAM locations and thus may be read or written. 


5.2.1 Port Data Register 


7 0 
MSB LSB 
Port A Address = $00 
Port B Address = $01 
Port C Address = $02 (Bits 0-3) 


The source of data read from the port data register will be the port I/O pin or previously latched out- 
put data depending upon the contents of the corresponding data direction register (DDR). The 
destination of data written to the port data register will be an output data latch. If the corresponding 
data direction register (DDR) for the port |/O pin is programmed as an output, the data will then ap- 
pear on the port pin. 


5.2.2 Port Data Direction Register 


7 0 
MSB LSB 
Port A Address = $04 
Port B Address = $05 
Port C Address = $06 (Bits 0-3) 


The port DDRs configure the port pins as either inputs or outputs. Each port pin can be pro- 
grammed individually to act as an input or an output. A zero in the pins corresponding bit position 
will program that pin as an input while a one in the pins corresponding bit position will program that 
pin as an output. 
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SECTION 6 
SOFTWARE AND INSTRUCTION SET 


6.1 SOFTWARE 


6.1.1 Bit Manipulation 


The EF68HCO4P3 MCU has the ability to set or clear any register or single random access memory 
(RAM) writable bit with a single instruction (BSET, BCLR). Any bit in data space, including ROM, 
can be tested, using the BRSET and BRCLR instructions, and the program may branch as a result 
of its state. The carry bit equals the value of the bit referenced by BRSET or BRCLR. A rotate in- 
struction may then be used to accumulate serial input data in a RAM location or register. The 
capability to work with any bit in RAM, ROM, or I/O allows the user to have individual flags in RAM 
or to handle I/O bits as control lines. 


The coding example in Figure 6-1 illustrates the usefulness of the bit manipulation and test instruc- 
tions. Assume that the MCU is to communicate with an external serial device. The external device 
has a data ready signal, a data output line, and a clock line (to clock data one bit at a time, MSB 
first, out of the device). The MCU waits until the data is ready, clocks the external device, picks up 
the data in the carry flag (C bit), clears the clock line, and finally accumulates the data bit in the 
accumulator. 


SELF BRSET 2,PORTA,SELF 


BSET 1,PORTA 
BRCLR 0,PORTA,CONT 

CONT BCLR  1,PORTA 
ROLA  , 


Device Clock 





Figure 6-1. Bit Manipulation Example 
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6.1.2 Addressing Modes 


The EF68HCO4P3 MCU has nine addressing modes which are explained briefly in the following 
paragraphs. The EF68HCO4P3 deals with objects in three different address spaces : program space, 
data space, and stack space. Program space contains the instructions which are to be executed, 
plus the data for immediate mode instructions. Data space contains all of the RAM locations, XP 
and YP registers, accumulator, timer, |/O locations, and some ROM (for storage of tables and con- 
stants). Stack space contains RAM for use in stacking the return addresses for subroutines and 
interrupts. 


The term Effective Address” (EA) is used in describing the address modes. EA is defined as the ad- 
dress from which the argument for an instruction is fetched or stored. 


6.1.2.1 IMMEDIATE. In the immediate addressing mode, the operand is located in program ROM 
and is contained in a byte following the opcode. The immediate addressing mode is used to access 
constants which do not change during program execution (e.g., a constant used to initialize a loop 
counter). 


6.1.2.2 DIRECT. In the direct addressing mode, the effective address of the argument is contained 
in a single byte following the opcode byte. Direct addressing allows the user to directly address the 
256 bytes in data space memory with a single two-byte instruction. 


6.1.2.3 SHORT DIRECT. The MCU also has four locations in data space RAM ($80, $81, $82, $83) 
which may be used in a short-direct addressing mode. In this mode the opcode determines the data | 
space RAM location, and the instruction is only one byte. Short direct addressing is a subset of the 

direct addressing mode. (Note : $80 and $81 are the X and Y register locations). 


6.1.2.4 EXTENDED. In the extended addressing mode, the effective address is obtained by con- 
catenating the four least significant bits of the opcode with the byte following the opcode (12-bit 
address). Instructions using the extended addressing mode (JMP, JSR) are capable of branching 
anywhere in program space. An extended addressing mode instruction is two bytes long. 


6.1.2.5 RELATIVE. The relative addressing mode is only used in conditional branch instructions. In 
relative addressing, that address is formed by adding the sign extended lower five bits of the opcode 
(the offset) to the program counter if and only if the condition is true. Otherwise, control proceeds 
to the next instruction. The span of relative addressing is from — 15 to +16 from the opcode ad- 
dress. The programmer need not worry about calculating the correct offset when using the 
assembler since it calculates the proper offset and checks to see if it is within the span of the 
branch. 


6.1.2.6 BIT SET/CLEAR. In the bit set/clear addressing mode, the bit to be set or cleared is part of 
the opcode, and the byte following the opcode specifies the direct address of the byte in which the 
specified bit is to be set or cleared. Thus, any bit in the 256 locations of data space memory, which 
can be written to, can be set or cleared. 
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6.1.2.7 BIT TEST AND BRANCH. The bit test and branch addressing mode is a combination of 
direct addressing and relative addressing. The bit and condition (set or clear) which is to be tested is 
included in the opcode, and the data space address of the byte to be tested is in the single byte im- 
mediately following the opcode byte. The third byte is sign extended to twelve bits and becomes 
the offset added to the program counter if the condition is true. The single three-byte instruction 
allows the program to branch based on the condition of any bit in data space memory. The span of 
branching is from —125 to +130 from the opcode address. The state of the tested bit is also 
transferred to the carry flag. 


6.1.2.8 REGISTER-INDIRECT. In the register-indirect addressing mode, the operand is at the ad- 
dress (in data space) pointed to by the contents of one of the indirect registers (X or Y). The par- 
ticular X or Y register is selected by bit 4 of the opcode. Bit 4 of the opcode is then decoded into an 
address which selects the desired X or Y register ($80 or $81). A register-indirect instruction is one 
byte long. 


6.1.2.9 INHERENT. In the inherent addressing mode, all the information necessary to execute the 
instruction is contained in the opcode. These instructions are one byte long. 


6.2 INSTRUCTION SET 


The EF68HCO4P3 MCU has aset of 44 basic instructions, which when combined with nine addressing 
modes produce 244 usable opcodes. They can be divided into five different types : register/memory, 
read-modify-write, branch, bit manipulation, and control. The following paragraphs briefly explain 
each type. All the instructions within a given type are presented in individual tables. 


6.2.1 Register/ Memory Instructions 


Most of these instructions use two operands. One operand is the accumulator and the other 
operand is obtained from memory using one of the addressing modes. The jump unconditional 
(JMP) and jump to subroutine (JSR) instructions have no register operands. Refer to Table 6-1. 


6.2.2 Read-Modify-Write Instructions 


These instructions read a memory location or a register, modify or test its contents, and write the 
modified value back to memory or to the register. There are ten instructions which utilize’ read- 
modify-write cycles. All INC and DEC forms along with all bit manipulation instructions use this 
method. Refer to Table 6-2. 


6.2.3 Branch Instructions 


The branch instructions cause a branch from the program when a certain condition is met. Refer to 
Table 6-3. 


6.2.4 Bit Manipulation Instructions 


These instructions are used on any bit in data space memory. One group either sets or clears. The 
other group performs the bit test branch operations. Refer to Table 6-4. 
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Arithmetic Compare 


Jump to Subroutine JSR 
Jump Unconditional JMP 


PWN > 


Table 6-1. Register/Memory Instructions 


la 
t, 

fo] 
S= 


Load XP from Memory 


Memory 





SPECIAL NOTES 
In Short-Direct addressing, the LDA mnemonic represents opcode AC, AD, AE, and AF. This is equivalent to RAM locations $80 (AC), $81 (AD), $82 (AE), and $83 (AF) 


In Extended addressing, the four LSBs of the opcode (Mnemonic JSR and JMP) are formed by the four MSBs of the target address (TAR). 
in Immediate addressing, the LDXi and LDYI are mnemonics which are recognized as follows: 

LDXI=MVI $80,data 

LDYI=MVI $81,data Where data is a one-byte hexadecimal number. 
The MVI instruction refers to both !mmediate and Direct addressing. 


In Short-Direct addressing, the STA mnemonic represents opcode BC, BD, BE, and BF. This is equivalent to RAM locations $80 (BC), $81 (BD), $82 (BE), and $83 (BF). 
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Table 6-2. Read-Modify-Write Instructions 





Addressing Modes 













| ee ee ee ee 
# ¢ # # | # # 

a ee ee ee aves 
ea dT Td WC 
lincementA | 3SINCA, | OS | OT CK Ch] CK OT re OT 2 Tl 4 TK bee al 
aT (NN GENSAT ESI CTO AT 
ae SS NS) (SE A Gr TP 
es aa a TE 
[Tena Ed Se eT Ee A SR Na Ta RN Se SS 
[ea SN RSA ES A SN OD 
ee es TT De = oe a RS A Ta a RET 





SPECIAL NOTES 


1. In Short-Direct addressing, the INC mnemonic represents opcode A8, A9, AA, and AB. These are equivalent to RAM locations $80 (A8), $81 (A9), $82 (AA), 
and $83 (AB). 
2. In Short-Direct addressing, the DEC mnemonic represents opcode B8, BY, BA, and BB. These are equivalent to RAM locations $80 (B8), $81 (B9), $82 (BA), 
and $83 (BB). 
3. In Indirect addressing, the INC mnemonic represents opcode E6 or F6, and causes the location pointed to by XP (E6 opcode) or YP (F6 opcode) to be incremented. 
4.-!n Indirect addressing, the INC mnemonic represents opcode E7 or F7, and causes the location pointed to by XP (E7 opcode) or YP (F7 opcode) to be incremented. 
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Table 6-3. Branch Instructions 


| _ranction __| rom _| opcode _| ov Note 
Opcode Bytes Cycles Notes 
. 


a as 
eae | a 
oe 
[aranchiflower_—~+| eto) | ovr | 1 | 2 ~~ 143 | 
[Branch i Not Equal | eNE | or J++) 2 
Pareneh equal ‘| seo | arf 1.~+4 2 —~+4 
SPECIAL NOTES 


1. Each mnemonic of the Branch Instructions covers a range of 32 opcodes; e.g., BCC ranges from 40 through 5F. The 
actual memory location (target address) to which the branch is made is formed by adding the sign extended lower five 
bits of the opcode to the contents of the program counter. , 

2. The BHS instruction (shown in parentheses) is identical to the BCC instruction. The C bit is clear if the register was higher 
or the same as the location in the memory to which it was compared. 

3. The BLO instruction (shown in parentheses) is identical to the BCS instruction. The C bit is set if the register was lower 
than the location in memory to which it was compared. 


















Table 6-4. Bit Manipulation Instructions 


Addressing 


| Bit Set/Clear 
Function 


Branch IFF Bit n is set 
D 
DO+n 


SPECIAL NOTE 


1. The opcode is formed by adding the bit number (0-7) to the basic opcode. For example: to clear bit six using the BSET6 
instruction the opcode becomes DE (D8+6); BCLR5 becomes (C0+5); etc. 
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6.2.5 Control Instructions 
The control instructions control the MCU operations during program execution. Refer to Table 6-5. 


6.2.5.1 Stop instruction 

The STOP instruction places the EF68HCO4P3 in its lowest power consumption mode. in STOP 
mode the internal oscillator is turned off causing all internal processing and the timer to be halted. 
In STOP mode, timer STATUS/CONTROL register bits 6 (ET!) and 7 (TMZ) are cleared to remove 
any pending timer interrupt requests and to disable any further timer interrupts. External interrupts 
are enabled. All I/O lines remain unchanged. The processor can only be brought out of the STOP 
mode by pulling low [RO or RESET input pins. During the exit from the STOP mode, the timer 
is used to provide a delay of 1920 oscillator clock periods for the oscillator to stabilize. If an ex- 
ternal clock is used, it should be kept high during all the time the MCU is in STOP mode. 





6.2.5.2 Wait instruction 

The WAIT instruction places EF68HCO4P3 in a low-power consumption mode, but WAIT mode 
consumes more power than the STOP made. In WAIT mode the clock is disabled from all internal 
circuitry except the timer circuit. Thus all internal processing is halted. The timer may, if desired, 
continue to count down (PSI bit of TCSR). 

During the WAIT mode, external interrupts are enabled. All other registers memory, and |/O lines 
remain in their last state. Timer interrupt (ET! bit) may be enabled by software prior to entering 
the WAIT mode to allow an exit from the WAIT mode via a Timer Interrupt. 


6.2.6 Alphabetical Listing 


The complete instruction set is given in alphabetical order in Table 6-6. There are certain mnemo- 
nics recognized by the assember and converted to other instructions. The fact that all registers and 
accumulator are in RAM allows many implied instructions to exist. The implied instructions reco- 
gnized by the assembler are identified in Table 66. 


6.2.7 Opcode Map Summary 
Table 6-7 contains an opcode map for the instructions used on the MCU. 


6.3 IMPLIED INSTRUCTIONS 


Since the accumulator and all other registers are located in RAM many implied instructions exist. 
The assembler-recognized implied instructions are given in Table 6-6. Some examples not recog- 
nized by the assembler are shown below. 


BCLR,7 $FF Ensures accumulator is plus 
BSET,7 SFF Ensures accumulator is minus 
BRCLR,/7/ $FF Branch iff accumulator is plus 
BRSET,/ $FF Branch iff accumulator is minus 
BRCLR,7 $80 Branch iff X is plus (BXPL) 
BRSET,7 $80 Branch iff X is minus (BXMI) 
BRCLR,7 $81 Branch iff Y is plus (BYPL) 
BRSET,7 $81 Branch iff Y is minus (BYMI) 
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Table 6-5. Control Instructions 


Addressing Modes 


Relative 





SPECIAL NOTE 


1. The NOP instruction is equivalent to a branch if equal (BEQ) to the location designated by PC + 1. 
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Table 6-6. Instruction Set 































Addressing Modes 
ets Dee | Seer [Smee wae fn ania | co | 

Direct Direct Clear Branch Indirect Extended Relative 2 C 
PR yee a a ee ee ee ec 
Eee ee (ay ee ee ee ee ae en Pe eS Pee ee ee 
fAStA CC Assembler converts thistoapo sre’ | | CC 
Cae Eee Ses Sieeeee Teale: (ees MS! RRs ee ier oe ee 
PUL ns nape P| ee a A ee ee pe Se ee 
BCS es ed tere ee A A | 
REO Soe ce ae ea ee A | 
fBHS CEC Assembler converts thisto'Bcc’ TC CU 
feo SSC Cd (Assembler converts this to "BCS" ee ee eed 
Ceara (aR? eam (NEE (REE (emer RR, es eres ee Se eer 
RGR ae net eet ee ee te I I ee 
C= am aa) NPA SPR CSI] CNR SC CA WSS (peste (NA, GE (TS 
RESET 2 nf a SO oe sa a Ee a ee 
fcRA.SS~=“~*~*‘iSS*C“‘*‘“‘dRC~SCSC*dSCSCAssembiler converts this to “SUB GFF’ <4 —sidS—SC~CSC‘iT A CdS 
CT SN CR 
[cry CT Cd SCT Assembler converts thistomvivo.ser” | | CEC 
(MP ae ee Ie ee a 
(coma a oe 
POE ee fe ee ee es Me eg ee oN ae 
fpecaSSSCSCSC~dC*C‘“‘*‘*‘*‘dSSCS*C*‘dSC*C*‘C ASR converts this to DEC SFP EPCS OCA id 
forex ———SC*dTCCSCSCSS*dtCSCSCSCS*dSCS A ssembier converts this to DEC SO" «dT S| dT COC Ad 
foecy, ss t—“‘<‘~irTS:SC“(‘;;*s*‘zLCSCSC*‘“‘#§’C «CSC §PCCAAssembler convertsthistoDec sai” | SC | CECE CA 
ee ene Bee is Me oe iene ee Ne et 
FINCA —“‘RLSOOCOC#*dCCFC‘#(NNCL Assembler convertsthistoINCSFF” | TC 
Pincx—“‘éC]SOUUUCUC Assembler converts thisto“INC $80" | CC A 
fincy, CTC Cd Assembler convertsthisto“incsa” | TA 
DONA eee eM ft eT ae ee nce ees Oe ed ee eee el 
SA ee eo a eel ee se oe el eed 
OR ee ee ee ee = ee ee 
fuoxi CC Asembler converts thisto“MVIDATA. $80" [TT 
fuovr tti‘idr CC Assembler converts thistoMvidaTa.$ery [ | TCE 
WW ee ee, ee ee ee 
Top SStC~—~wCSC‘“‘*‘“‘dCSSCSCS*S~C*dCS*CSA seb ler converts this to BEGIPCI=T | | st SC~C~idS dd 
OU ee Me ee es ee 
PU ae eg ee 

(Seas eee ee ee eee 
STA Fe ses er Me Oe ee ee ee 
can FAQ < Sees (GONeemieree reer vara RDM (Reena (Reeder (ANUS) (NI! Coens (tae I AR eee, 
SUB Pe ce es ee cc ee ee I he Ae — Ne 
TAX. t—t—“‘idLSC“‘“‘;SWCCCOCOC*C#C#Assembierconvertsthisto"STAS8O” CC CU 
TAY, CT ASsemblerconvertsthistoSTASBI CE A 
TTXA.—C—“‘C‘LOC‘CW#$R#YN’N$NNNNNNT ___ Assembleconvertsthisto""LDAS8O" CC At 
MtYAOC—C‘SCSCSCSCSCSS Assembler converts thisto LAST SSCSCSCSCSCSCSSSSSCSCSCSCC“C‘“‘“‘(S CL A+‘? 
PO no i et EI Cee ds ee ge oe eet nS ellie ee 





Flag Symbols: Z= Zero, C= Carry/Borrow, A= Test and Set if True, Cleared Otherwise * = Not Affected 
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Table 6-7. EF68HCO4P3 Microcomputer 








7 a 


tow we | — 
FE LACA LAE EP LAE 
BNE BNE BEQ BEQ A BCC 
1 REL | 1 REL | 1 REL] 1 REL | 1 REL ee 1 oe 
2 2 2 2 . 2 
2 BNE BNE BEQ BEQ BCC 
0010 REL] 1 REL | 1 REL | 1 REL | 1 REL eo 1 om 
Se 
ooo ccc 
BNE BNE BEQ BEQ BCC BCC BCS BCS 
1 REL} 1 REL } 1 REL} 1 REL | 1 REL | 1 REL |1 REL } 1 REL 
2 2 2 2 2 2 2 2 
BNE BNE BEQ BEQ BCC BCC BCS BCS 
1 REL} 1 REL | 1 REL} 1 REL | 1 REL} 1 REL | 1 REL | 1 REL | 
2 2 2 2 2 2 12 2 
7 BNE BNE BEQ BEQ BCC BCC — BCS BCS 
0111 1 Ret | 1 REL |1 REL | 1 REL} 1 REL | 1 REL |1 REL } 1 REL 
2 2 2 2 2 2 2 2 
8 BNE BNE BEQ BEQ BCC BCC BCS BCS 
1000 1 REL| 1 REL | 1 REL} 1 REL | 1 REL} 1 REL | 1 REL | 1 REL 
2 2 2 2 2 2 2 2 
BNE BNE BEQ BEQ BCC BCC BCS BCS 
REL| 1 REL | 1 REL | 1 REL | 1 REL | 1 REL |1 REL | 1 REL 












Abbreviations for Address Modes 


INH Inherent . Indicates Instruction Reserved for Future Use 
S-D Short Direct # Indicates Illegal Instruction 

B-T-B_ Bit Test and Branch 

IMM Immediate 


DIR Direct 
EXT Extended 
REL Relative 


BSC Bit Set/Clear 
R-IND Register Indirect 
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Instruction Set Opcode Map 
Register/Memory, Control, and Bit Manipulation Register/Memory and 
Read/Modify/Write Instructions Instructions Read/ Modify/ Write 
: Q A B Cc E F 
I ae 1010 1011 1100 1110 1111 eet 
4 4 4 5 4 4 4 
JSRn JMPn MVi BRCLRO BCLRO LDA LDA 0 
2 EXT | 2 EXT 3 IMM | 3 B-T-B | 2 BSC | 1 R-IND | 1 R-IND 0000 
4 4 5 4 4 4 
JSRn JMPn BRCLR1 BCLR1 STA STA 1 
2 EXT | 2 EXT 3 B-T-B | 2 BSC ]1 R-IND | 1 R-IND 0001 
4 4 5 4 4 4 
JSRn JMPn BRCLR2 BCLR2 ADD ADD 2 
2 EXT | 2 EXT INH | 3 BT-B | 2 BSC |1 R-IND | 1 R-IND 0010 
4 4 5 4 4 4 
JSRn JMPn BRCLR3 BCLR3 SUB SUB 3 
orn oH f78, fi enctrs | ecura |" sue | R-IND 0011 











4 4 5 4 4 

JSRn JMPn COMA BRCLR4 BCLR4 CMP CM 4 
2 ExT | 2 EXT 3 B-T-B BSC R-IND | 1 R-IND 0100 
4 4 

JSRn JMPn 
2 EXT|2 EXT 
4 4 

JSRn JMPn 
2 EXT | 2 EXT 
4 4 

JSRn JMPn 
2 EXT | 2 EXT 


4 
r* | 2 
5 4 4 
ROLA BRCLR5 BCLR5 AND AND 
B-T-B} 2 BSC R-IND | 1 R-IND 
a 
4 4 4 
JSRn JMPn INC 
2 EXT | 2 EXT |} 1 S-D 
4 
INC 
1 S-D 
4 
INC 
1 S-D 
4 
INC 
1 —S-D 
4 
LDA 
2 S-D 
4 
LDA 
1 S-D 
4 
LDA 
1 S-D 
4 
LDA 


2 
RTI 
1 
2 
RTS 
1 INH 
4 
1 INH 1 - 
4 4 
1 INH 13 1 - 
2 5 4 4 
STOP BRCLR6 BCLR6 Cc 
1, INH | 3 B-T-B | 2 BSC |1 R-IND R-IND 
2 5 4 4 
WAIT BRCLR7 BCLR7 
1 _ INH [3 B-T-B } 2 BSC |1 R-IND 
4 5 4 4 
DEC BRSETO BSETO 
1 $-D}3 B-T-B | 2 BSC j2 IMM 
4 5 4 4 
DEC | BRSET1 BSET1 9 
1 S-D]3 B-T-B | 2 BSC 1001 
4 5 4 4 
DEC 
1 S-D B 
4 5 4 
DEC 
1 S-D B 2 
4 : 
STA 
1 S-D 
4 
STA 
1 S-D 
4 
STA 
1 S-D 
4 
STA 
1 S-D 





4 
1 
4 










4 4 

JSRn JMPn 
2 ExT | 2 EXT 
4 4 

JSRn JMPn 
2 EXT | 2 EXT 
4 4 

JSRn JMPn 
2 EXT | 2 EXT 
4 4 

JSRn JMPn 
2 EXT | 2 EXT 
4 4 

JSRn JMPn 
2 EXT | 2 EXT 
4 4 

JRSn JMPn 
2 EXT | 2 EXT 
4 4 

JSRn JMPn 
2 EXT | 2 EXT 


INC 
DEC 
LDA L 
T-B 2 IR 
ST 
T-B 2 iR 
4 
BRSET2 BSET2 ADD DD 
3 -T-B] 2 BSC ]2 IMM |} 2 IR 
4 4 
BRSET3 BSET3 SUB SUB 
3 -T-B BSC i2 .- IMM | 2 IR 
5 4 4 4 
BRSET4 BSET4 CMP CM 
3 B-T-B] 2 BSC |2 IMM IR 
5 4 44 
BRSET5 BSET5 AND ND 
3 B-T-B } 2 BSC | 2 IMM | 2 IR 
5 4 4 
BRSET6 | BSET6 
3 B-T-B | 2 BSC IR 
5 4 
BRSET7 BSET7 DEC 
3 B-T-B } 2 BSC 2 IR 


LEGEND 






1 
2 
2 


4 
4 









Opcode in Hexadecimal 


Cycles 
Mnemonic 
Bytes 


> Opcode in Binary 


Address Mode 
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SECTION 7 
ELECTRICAL SPECIFICATIONS 


7.1 INTRODUCTION 
This section contains the electrical specifications and associated timing for the EF68HCO4P3. 


7.2 MAXIMUM RATINGS 


Supply Voltage 0.3 to + 7.0 V 
Input Voltage Vgs—0.3 to Vgg+ 0.3 
oe ee 
mA 
T o 


Total Current for Ports A, B, C 
30 
—15 


C 

in 
and XTAL, TIMER Pins Sink 

A 

A 





This device contains circuitry to protect 
the inputs against damage due to high 
Static voltages of electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vip and 
Vout be constrained to the range 
VsgslVjn or Vout! SVcc. Reliability of 















Source 






Operating Temperature Range 






L Range 0 to 70 operation is enhanced if unused inputs 
D Range — 25 to 70 except EXTAL are connected to an ap- 
V Range — 40 to 85 propriate logic voltage level (e.g., either 







Vss or Vcc). 


Storage Temperature Range —55 to 150 


Thermal Resistance Oy °C/W 
85 
85 







Plastic 
PLCC \ 







Junction Temperature 


Plastic 
PLCC 





Vcc 
4.63 kQ 

Test ; Test 
Point Point 

ioe 4.63 k2 50 pF (Total 

Loatt if | T Pevio 

Figure 7-1. Open Collector LSTTL Compatible Figure 7-2. CMOS Equivalent 
Equivalent Test Load (Ports A, B, C,) Test Load (Ports A, B, C) 
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7.4 POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can be obtained from: 
Ty=TA+I(PD*@JA) (1) 
Where: 

TA=Ambient Temperature, °C 
6jA = Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD = PINT+ PPORT 
PINT=!Iccx Vcc, Watts — Chip Internal Power 
PporT = Port Power Dissipation, Watts — User Determined 

For most applications PPORT<PiNT and can be neglected. PPORT may become significant if 

the device is configured to drive Darlington bases or sink LED loads. 
An approximate relationship between Pp and Ty (if PPORT is neglected) is: 


Pp=K+(Ty+273°C) (2) 
Solving equations 1 and 2 for K gives: 
K =Ppe(TA + 273°C) + OjAePp2 (3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by 
measuring Pp (at equilibrium) for a known TA. Using this value of K the values of PD and TJ can be 
obtained by solving equations (1) and (2) iteratively for any value of TA. 


7.5 ELECTRICAL CHARACTERISTICS @5.0 V 
(Vcc = 5.0 Vde + 10 % ; Vgg =O Vdc ; Ta = TL to TH unless otherwise noted). 


Output voltage 
(ILoad = 10 uA) 
(Load =—10 uA) 
Output Low Voltage (Iq oad = 0.8 mA) 
PAO-PA7, PBO-PB7, PCO-PC3 
Output High Voltage (IL_oaq =—0.8 mA) 
PAO-PA7, PBO-PB7, PCO-PC3 





















input Low Voltage 






PAO-PA7, PBO-PB7, PCO-PC3, TIMER 
XTAL, MDS, TRO, RESET 











Input High Voltage 





PAO-PA7, PBO-PB7, PCO-PC3, TIMER 
XTAL, MDS, [RG, RESET 
Total Supply Current (No dc Loads, 

(No de Loads, Vy, =0.2 VV ;Vipy =Vec — 0.2 V) 
RUN Mode 

+ 1 Option (fgg = 5.5-MHz) 

+ 2 Option (fog¢ = 11.0 MHz) 

+ 4 Option (fgg¢ = 11.0 MHz) 
WAIT Mode (See Note) 

+ 1 Option (fog = 5.6 MHz) 

+ 2 Option (foge = 11.0 MHz) 

+ 4 Option (foge = 11.0 MHz) 
STOP Mode (See Note) 


I/O Hi-Z Leakage Current (Vj, = 0.4 V to Vcc - 0.4 V)_ 
Timer, PAO-PA7, PBO-PB7, PCO-PC3 (with no pull-downs) 


Hi-Z State Input Current (Vi, = Vec — 0.4 V) 
PAO-PA7, PBO-PB7, PCO-PC3 (with pull-downs) 


Input Current TRG, RESET, XTAL, MDS ia 
!/O Output Capacitance Timer, PAO-PA7, PBO-PB7, PCO-PC3 ~ 
Input Capacitance IRO, RESET, XTAL, MDS _ | 


NOTE : Test conditions for Ipp as follows : 
XTAL input is a square wave from 0.2 V to Vcc — 0.2 V. 
EXTAL output load = 10 pF . 
Circuit in self check-mode 
In WAIT and STOP Modes, Port A is programmed as output, Ports B and C are programmed as inputs. 
In STOP Mode : all inputs are tied to Vj,_ excepted |RO, RST, MDS, XTAL, EXTAL which are tied to Vjqj. 
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7.6 CONTROL TIMING @5.0 V 
(Vcc = 5.0 Vde + 10 % ; Vgg =O Vdc ; Ta = TL to Ty unless otherwise noted). 


Oscillator Frequency 
+ 2,+ 4 options 


+ 1 option 


Oscillator Pulse Width + 2, + 4 options 
; + 1 option 





7.7 ELECTRICAL CHARACTERISTICS @ 3.3 V 
(Vcc = 3.3 Vde + 10 % ; Vgs = 0 Vdc ; Ta = TL to Ty unless otherwise noted). 


Symbel 


Output voltage 
(ILoad = 10 nA) VOL 
(ILoad *—10 nA) VOH 
Output Low Voltage (I, 94g = 0.4 mA) 
PAO-PA7, PBO-PB7, PCO-PC3 VOL 


Output High Voltage (ly 94g = ~0.4 mA) 
PAO-PA7, PBO-PB7, PCOPC3 


Input Low Voltage 
PAO-PA7, PBO-PB7, PCOPC3, TIME 


XTAL, MDS, IRQ, RESE 


Input High Voltage 
PAOPA7, PBO-PB7, PCO-PC3, TIMER 
XTAL, MDS, (RO, RESET 


Total Supply Current (No dc Loads, 

(No de Loads, Vip =0.2 V > Vypy = Vcc — 0.2 V) 
RUN Mode 

+ 1 Option (fgg. = 3.0 MHz) 

+ 2 Option (fgg¢ = 6.0 MHz) 

= 4 Option (fgg¢ = 6.0 MHz) 


WAIT Mode (See Note) 
+ 1 Option (fpog¢ = 3.0 MHz). 
+ 2 Option (fgg¢ = 6.0 MHz) 
~ 4 Option (fos¢ = 6.0 MHz) 
STOP Mode (See Note) 


1/0 Hi-Z Leakage Current (V;,, = 0.4 V to Vcc = 0.4 V) 
Timer, PAOQ-PA7, PBO-PB7, PCO-PC3 (with no pull-downs) 


Hi-Z State Input Current (Vj, = Vcc — 0.4 V) 
PAO-PA7, PBO-PB7, PCO-PC3 (with pull-downs) 


Input Current iRG, RESET, XTAL, MDS 


|/O Output Capacitance Timer, PAO-PA7, PBO-PB7, PCO-PC3 
Input Capacitance 1RQ, RESET, XTAL, MDS 
NOTE : Test conditions for Ipp as follows : 
XTAL input is a square wave from 0.2 V to Vcc — 0.2 V. 
EXTAL output load = 10 pF 
Circuit in self check-mode 
In WAIT and STOP Modes, Port A is programmed as output, Ports B and C are programmed as inputs. 


In STOP Mode : all inputs are tied to Vix, excepted 1RQ, RST, MDS, XTAL, EXTAL which are tied to Vyy4. 
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7.8 CONTROL TIMING@ 3.3 V 
(Vcc = 3.3 Vde + 10 % ; Vss =O Vdc ; Ta = TL to TH unless otherwise noted). 


Characteristic 


Oscillator Frequency 
+ 2,+ 4 options 
+ 1 option 


Oscillator Pulse Width + 2, + 4 options 
+ 1 option 





7.9 ELECTRICAL CHARACTERISTICS @ 2.2 V 
(Vcc = 2.2 Vde + 10 % ; VSs =O Vdc ; Ta = TL to TH unless otherwise noted). 


Output voltage 
(ILoag = 10 uA) 
(Load *—10 nA) Vv 


OH 

Output Low Voltage (I 9gq = 0.2 mA) 
PAO-PA7, PBO-PB7, PCO-PC3 VoL 
. . : OH 


Output High Voltage (I, ogq = 0.2 mA) 
PAO-PA7, PBO-PB7, PCO-PC3 Vv 
Input Low Voltage 
PAO-PA7, PBO-PB7, PCOPC3, TIMER 
XTAL, MDS, 1RO, RESET 
Input High Voltage 
PAO-PA7, PBO-PB7, PCO-PC3, TIMER 
XTAL, MDS, IRG, RESET 
Total Supply Current (No dc Loads, 
(No de Loads, Vy_ © 0.2 V > Vipyy = Vc — 0.2 V) 
RUN Mode 
+ 1 Option (fos¢ = 1-0 MHz) 
+ 2 Option (fog, = 2.0 MHz) 
+ 4 Option (fogg = 2.0 MHz) 
WAIT Mode (See Note) 
+ 1 Option (fog¢ = 1.0 MHz) 
+ 2 Option (fose = 2.0 MHz) 
+ 4 Option (fog¢ = 2.0 MHz) 
STOP Mode (See Note) 


1/0 Hi-Z Leakage Current (Vj, = 0.4 V to Vcc - 0.4 V) 
Timer, PAO-PA7, PBO-PB7, PCO-PC3 (with no pull-downs) 


Hi-Z State Input Current (Vj, = Vcc - 0.4 V) 
PAO-PA7, PBO-PB7, PCO-PC3 (with pull-downs) 


Input Current IRQ, RESET, XTAL, MDS 


I/O Output CapacitanceTimer, PAO-PA7, PBO-PB7, PCO-PC3 
Input Capacitance TRO, RESET, XTAL, MDS 


NOTE : Test conditions for Ipp as follows : 
XTAL input is a square wave from 0.2 V to Vcc — 0.2 V. 
EXTAL output load = 10 pF 
Device in self check-mode 
In WAIT and STOP Modes, Port A is programmed as output, Ports B and C are programmed as inputs. 
In STOP Mode : all inputs are tied to Vj__ excepted 1RQ, RST, MDS, XTAL, EXTAL which are tied to Vyyy. 
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7.10 CONTROL TIMING @ 2.2 V 
(Vcc = 2.2 Vde t 10 % ; Vgg =O Vde ; Ta = TL to TH unless otherwise noted). 


Characteristic 
Oscillator Frequency 
+ 2,+ 4 options 
+ 1 option 


Oscillator Pulse Width + 2, + 4 options 
+ 1 option 
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SECTION 8 
MECHANICAL DATA 





This section contains the pin assignment and package dimension diagrams for the EF68HCO4P3 


microcomputer. 


8.1 PIN ASSIGNMENTS 








VssG1@ 28 ) RESET 
RO 2 27 1) PA7 
Vec G3 26 DP PAG 
EXTAL Qj 4 251) PAS 
XTALQ5 24 1) PA4 
MDS [] 6 23 J PAS 
TIMER (] 7 22 T] PA2 
Pcog 8 21D PAI 
pciq9 20 D PAO 
PC2 {J 10 19D PB7 
PC3{] 11 18  PB6 
PBO {J 12 17 J) PBS 
PB1{] 13 16 [J PB4 
PB2 (14 15 fF) PB3 


EF 68HCO04 P3 
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8.2 PHYSICAL DIMENSIONS 


CB-132 


(1) Nominal dimension 
(2) True geometrical position 





28 pins P SUFFIX 


CB-520 





FN SUFFIX 
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SECTION 9 
ORDERING INFORMATION 


9.1 INTRODUCTION 


The following information is required when ordering a custom MCU. The information may be 
transmitted to THOMSON SEMICONDUCTEURS in the following media: 

EPROM(s), ET2716 or ET2732 

EFDOS/MDOS*, disk file 


To initiate a ROM pattern for the MCU, it is necessary to first contact your local field service office, 
local sales person, or your local THOMSON SEMICONDUCTEURS representative. 


9.1.1 EPROMs 


A 2716 or 2732 type EPROM, programmed with the customer program (positive logic sense for 
address and data), may be submitted for pattern generation. Since all program and data space 
information will fit on one 2716 or 2732 EPROM, the EPROM must be programmed as follows in 
order to emulate the EF68HCO4P3 MCU. Start the data space ROM at EPROM address $018 
and start program space ROM at EPROM address $960 and continue to memory space 
SFFF. All unused bytes, including the user’s space, must be set to zero. For shipment to 
THOMSON SEMICONDUCTEURS the EPROMs should be placed in a conductive IC carrier and 
packed securely. Do not use styrofoam. 


9.1.2 EFDOS/MDOS* Disk File 


An EFDOS/MDOS* disk, programmed with the customer program (positive logic sense for address 
and data), may be submitted for pattern generation. When using the EFDOS/MDOS* disk, include 
the entire memory image of both data and program space. All unused bytes, including the user's 
space, must be set to zero. 


9.2 VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are filed for contractual purposes and are not 
returned. A computer listing of the ROM code will be generated and returned along with a listing 
verification form. The listing should be thoroughly checked and the verification form completed, 
signed, and returned to THOMSON SEMICONDUCTEURS. The signed verification form consti- 
tutes the contractural agreement for creation of the customer mask. If desired, THOMSON 
SEMICONDUCTEURS will program a blank 2716, 2732, or EFDOS disk (supplied by the custo- 
mer) from the data file used to create the custom mask to aid in the verification process. 


* Requires prior factory approval. 
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9.3 ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern will be sent for program verification. These units 
will have been made using the custom mask but are for the purpose of ROM verification only. For 
expediency they are usually unmarked, packaged in ceramic, and tested only at room temperature 
and five volts. These RVUs are included in the mask charge and are not production parts. These 
RVUs are not backed nor guaranteed by THOMSON SEMICONDUCTEURS Quality Assurance. 


9.4 FLEXIBLE DISKS 


The disk media submitted must be single-sided, EFDOS/MDOS* compatible floppies. The custo- 
mer must clearly label the disk with the ROM pattern file name. The minimum EFDOS/MDOS* 
system files as well as the absolute binary object files (filename.LO type of file) and filename. 
DO if necessary from the EF6804 cross-assembler must be on the disk. An object file made from 
a memory dump, using the ROLLOUT command is also admissable. Consider submitting a source 





listing as well as : filename,..LX (DEVICES/EXORciser® loadable. format) . This file will of course © 


be kept confidential and is used 1) to speed up the process in house if any problems arise, and 2) to 
speed up our customer to factory interface if a-user finds any software errors and needs assistance 
quickly from the factory represen tative. 


* Requires prior factory approval. 


DEVICE® is a registered trademark from THOMSON SEMICONDUCTEURS. 
EXORciser® is a registered trademark of MOTOROLA INC. 


ORDERING INFORMATION 


EFG8HC04P3;C ,V 
Device | | = Screening level 
Package Oper. temp. 


The table below horizontally shows all available suffix combinations for package, operating temperature and atieeiheng 
fevel. Other possibilities on request. 


PACKAGE OPER. TEMP SCREENING LEVEL 


EFG68HCO4P3 


| —i_i_ | 


Package: C: Ceramic ai DIL, P: Plastic DIL, FN: PLCC. 

Oper. temp.: L*: O°C to + 70°C, D: — 25°C to + 70°C, V: — 40°C to + 85°C, T: — 40°C to + 105°C. 
Screening level: Std: (no-end suffix), D: NFC 96883 level D. 

* May be omitted. 





A reduced-packaged version of the EF6G8HCO4P3 (28 pins) will be available in a 20-pin 
package : EF68HC04J3. 


These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different products. 
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EF6805P2. 


: 8-BIT MICROCOMPUTER 





ADVANCE INFORMATION 


The EF6805P2 Microcomputer Unit (MCU) is a member of the 
EF6805 Family of low-cost single-chip microcomputers. This 8-bit 
microcomputer contains a CPU, on-chip CLOCK, ROM, RAM, 1/0, and 
TIMER. It is designed for the user who needs an economical microcom- 
puter with the proven capabilities of the 6800 -based instruction set.A 
comparison of the key features of several members of the 6805 Family 


is shown at the end of this data sheet. The following are some of 
the hardware and software highlights of the EF6805P2 MCU. 


HARDWARE FEATURES 
8-Bit Architecture 
64 Bytes of RAM 
Memory Mapped I/O 
1100 Bytes of User ROM 
20 TTL/CMOS Compatible Bidirectional |/O Lines (8 Lines are 
LED Compatible) P SUFFIX 
On-Chip Clock Generator PLASTIC PACKAGE 
Self-Check Mode 
Zero Crossing Detection 
Master Reset 
Complete Development System Support on DEVICE® 


5 V Single Supply oe 


SOFTWARE FEATURES 
@ Similar to 6800 Family FN SUFFIX 

Byte Efficient Instruction Set PLCC 28 

Easy to Program 

True Bit Manipulation 

Bit Test and Branch Instruction 

Versatile Interrupt Handling 

Versatile Index Register 

Powerful Indexed Addressing for Tables 

Full Set of Conditional Branches 

Memory Usable as Register/Flags 

Single Instruction Memory Examine/ Change 

10 Powerful Addressing Modes 

All Addressing Modes Apply to ROM, RAM, and 1/0 


USER SELECTABLE OPTIONS 


@ Internal 8-Bit Timer with Selectable Clock Source (External Timer 
Input or Internal Machine Clock) 


@ Timer Prescaler Option (7 Bits, 2) 

@ 8 Bidirectional I/O Lines with TTL or TTL/CMOS Interface Option 
® Crystal or Low-Cost Resistor Oscillator Option 

@ Low Voltage Inhibit Option 

@® Vectored Interrupts: Timer, Software, and External 


CB-520 


PIN ASSIGNMENT 


28 W RESET 


— 


@ 
oO On ODO bB WW 


DEVICE® is THOMSON SEMICONDUCTEURS’ development/emulation tool. 
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= XTAL EXTAL RESET NUM INT 


7 g Counter 


Oscillator 






















Accumulator PB1 
: a Data | Port PB2 Port 
Index Dir. B ss 
PAO 3 Register x Reg. | Reg. PBS Lines 
PA1 Condition PB6 
A Dir. 5 Register CC 
1/0 PA4 Reg Reg 
Lines PA5 , : Stack 
PA6 Pointer 
5 SP 
BAL Program Data | Port bs 
Counter Dir. C PC? 1/0 
3 High PCH Reg. | Reg. 
PC3 Lines 
1100 X 8 Program 


Low PCLI 






116 X 8 Self- 64 X8 
Check ROM RAM 
FIGURE 1 — EF6805P2 HMOS MICROCOMPUTER BLOCK DIAGRAM 


MAXIMUM RATINGS 


| Rating Symbol | Value _— 
Supply Voltage | Veco —0.3 to +7.0 
Input Voltage (Except Pin 6) Se —0.3 to +7.0 


Operating Temperature Range Le | 0 to + 70 
(T, to T,,) V suffix —40 to +85 
| 


Vv 
Vin 
Ta 
unction Temperature 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields, however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. For proper operation it is 
recommended that Vjn and Voyt be con- 
Strained to the range Vggs(Vin or Vout) 
=Vcc. Reliability of operation is enhanced if 
unused inputs are tied to an appropriate logic 
voltage level (e.g., either Vss or Vcc). 


















Plastic 
PLCC 








THERMAL CHARACTERISTICS 


Thermal Resistance 


Plastic 
PLCC 





POWER CONSIDERATIONS 
The average chip-junction temperature, Tj, in °C can be obtained from: 
Ty=TA+(PpedjA) (1) 
Where: ; 
Ta =Ambient Temperature, °C 
6 )4= Package Thermal Resistance, Junction-to-Ambient, °C/W 
Pp= PINT + PPORT 
PiNT=Icc x Vcc, Watts — Chip Internal Power 
PPporRT=Port Power Dissipation, Watts — User Determined 
For most applications PPoRT<P|NT and can be neglected. PpPoRT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 
An approximate relationship between Pp and Ty (if PPORT is neglected) is: 


Pp=K+(Ty+ 273°C) (2) 
Solving equations 1 and 2 for K gives: 
K =Ppe(Ta + 273°C) +6yaePp* (3) 


Where K is a Constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 
for a known Ta. Using this value of K the values of Pp and TJ can be obtained by solving equations (1) and (2) iteratively for any 
value of Ta. 
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ELECTRICAL CHARACTERISTICS (Vcc= +5.25 Vdc +0.5 Vdc, Vgg=0 Vdc, Ta = Ty to Ty unless otherwise noted) - 


Input High Voltage 
RESET (4.755 Vccs5.75) 
(Vcc <4.75) 
INT (4.755Vccs5.75) 
(Vcc <4.75) 
All Other (Exept TIMER) 
Input High Voltage Timer 
Timer Mode 
Self-Check Mode 


Input Low Voltage 


RESET Hysteresis Voltage (See Figures 10, 11, and 12) 
“Out of Reset” 
“Into Reset’ 


input Capacitance 
XTAL 
All Other 


Low Voltage Inhibit 0 to + 70°C 
—40 to + 85°C 

Input Current 

TIMER (Vip, =0.4 V) 

INT (Vin =2.4 V to Vcc) 

EXTAL (Vj, =2.4 V to Vcc, Crystal Option) 

(Vin = 0.4 V, Crystal Option) 
RESET (Vi, =0.8 V) 
(External Capacitor Charging Current) 





* Due to internal biasing, this input (when unused) floats to approximately 2.0 Vdc. 
PORT OC ELECTRICAL CHARACTERISTICS (Vcc = +5.25 Vdc +0.5 Vdc, Vgg=0 Vde, T, =T, to T,, unless otherwise noted) 


Characteristic |_Symbot | Min | Typ 


Port A with CMOS Drive Enabled 























| Output Low Voltage. Itoag=1.6mA ve TK 

| Output High Voltage. Woag=—100wA To 2 KK 
vou Mec - | - | v_ 
| Input High Voltage, ILoag=—300wA max) i | 20 Tc 
Vi__| Yss_ | - | 08 
| HrZ State Input Current (Vin=2.0VtoVcch Tt | 800 
|Hi-Z State Input Current(Vin=O.4Vi 800] 

Port B 
[Output Low Voltage. toad=32mA ot | CT - T e T 
vo | = |= 10 | v_ 
[Output High Voltage. oad=—200WA_——SSCSC~C~SCS Vn ee | dP 
[Darington Current Drive (Source), Vo=15V__——S—S—S tu 0 0m 
[input High Voltage 2 cc 
Linputtow Voltage ss 8 
|HiZ State InputCurent ts OE 20 
Port C and Port A with CMOS Drive Disabled 

[Output Low Voltage, toag=16mA | CT CK CK Oe 
[Ouiput High Voltge, Iyoag=—100"A ——S~CSCSCSCSCSCSCS ow 2 | dP dd 
[input High Voltage id i 2 vce TV 
vss_|_- | 08 |v 
a BN 
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SWITCHING CHARACTERISTICS (Vcc= +5.25 Vde +0.5 Vdc, Vss=0 Vdc, Ta = T_ to Ty unless otherwise noted) 





Oscillator Frequency 





Cycle Time (4/fogc) 





| RESET Pulse Width 
RESET Delay Time (External Capacitance= 1.0 yF) 








1N916 


or Equiv. 15ko 


1.25kQy 1N4148 
or Equiv. 


—— 


40 pF 
(Total) 





(PORT B) 


SIGNAL DESCRIPTION 


The input and output signals for the MCU, shown in 
Figure 1, are described in the following paragraphs. 


Vcc AND Vss 
Power is supplied to the MCU using these two pins. Vcc 
is power and VSs is the ground connection. 


INT 

This pin provides the capability for asynchronously apply- 
ing an external interrupt to the MCU. Refer to Interrupts sec- 
tion for additional information. 


XTAL AND EXTAL 

These pins provide connections to the on-chip clock 
oscillator circuit. A crystal, a resistor, or an external signal, 
depending on the user selectable manufacturing mask op- 
tion, can be connected to these pins to provide a system 


‘clock source with various stability/cost tradeoffs. Lead 


lengths and stray capacitance on these two pins should be 
minimized. Refer to internal Clock Generator Options section 
for recommendations about these inputs. 


TIMER 


This pin allows an external input to be used to decrement 
the internal timer circuitry. Refer to Timer section for addi- 
tional information about the timer circuitry. 


RESET 


This pin allows resetting of the MCU at times other than 
the automatic resetting capability already in the MCU. Refer 
to Resets section for additional information. 


NUM 


This pin is not for user application and must be connected 
to VSS. 


INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PCO-PC3) 
These 20 lines are arranged into two 8-bit ports (A and B) 


Symbol [Min 
EF6805P2 0.4 

EF68A05P2 ice 0.4 

= EF68B05P2 | 0.4 


INT and TIMER Pulse Width (See Interrupt Section) tWL, tWH 
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Point or Equiy 


2.97 kN 


1N4148 
‘or Equiv. 


30 pF 
(Total) 


FIGURE 2 — TTL EQUIVALENT TEST LOAD| FIGURE 3 — CMOS EQUIVALENT TEST LOAD FIGURE 4 — TTL EQUIVALENT TEST LOAD 
(PORT A) 


(PORTS A AND C) 


and one 4-bit port (C). All lines are programmable as either 
inputs or outputs under software control of the data direc- 
tion registers. Refer to Inputs/Outputs section for additional 
information. 


MEMORY 


As shown in Figure 5, the MCU is capable of addressing 
2048 bytes of memory and I/O registers with is program 
counter. The EF6805P2 MCU has implemented 1288 of 
these locations. This consists of: 1100 bytes of user ROM, 
(from $080 to $OFF and from $3CO to $783) 116 bytes of 
self-check ROM, 64 bytes of user RAM, 6 bytes of port I/O, 
and 2 timers registers. The ROM division allows 128 bytes 
of ROM to be addressed with direct instructions. 

The stack area is used during the processing of interrupt 
and subroutine calls to save the processor state. The regis- 
ter contents are pushed onto the stack in the order shown 
in Figure 6. Because the stack pointer decrements during 


pushes, the low order byte (PCL) of the program counter is 
stacked first; then the high order three bits (PCH) are 


‘stacked. This ensures that the program counter is loaded 


correctly, during pulls from the stack, since the stack pointer 
increments during pulls. A subroutine call results in only the 
program counter (PCL, PCH) coritents being pushed onto 
the stack. The remaining CPU registers are not pushed. 


CENTRAL PROCESSING UNIT 
‘The CPU of the EF6805 Family is implemented in- 
dependently from the I/O or memory configuration, Conse- 
quently, it can be treated as an independent central pro- 
cessor communicating with |/O and memory via internal ad- 
dress, data, and control buses. 


REGISTERS 
The 6805 Family CPU has five registers available to the 
programmer. They are shown in Figure 7 and are explained in 
the following paragraphs. 





EF6805P2 






























6) 





aan pone. | 
Port B $001 
Page Zero RAM 
Access with 127 (128 Bytes) $07F + Porte $002 
Instructions Page Zero 

User ROM PortA DDR $004* 
aia | Port DDR | S005 

255 ; Port B DDR $005 


256 


Interrupt 
Vectors 


* Caution: Data dire 







Ee he 


Push 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register used to 
hold operands and results of arithmetic calculations or data 


manipulations. 


FIGURE 6 — INTERRUPT STACKING ORDER 





3.2 1 «0 
ac Condition 
Code Register 
Index Register 


PCH* 


*For subroutine calls, only PCL and PCH are stacked. 








Not Used 


Port CDDR]| $006* 













oo Oa N OOM FW DY 
















































(704 Bytes) 
Timer Data Reg $008 
$009 
Kain ser Timer Control Reg 
1 SOOA 
(964 Bytes 
| 63 (54 Bytes) $03F 
$040 
Self Check oF 
ROM RAM 
(116 Bytes) (64 Bytes) 
Timer Interrupt 
Pare ages ees Stack 
External Interrupt (31 Bytes 
SWI Maximum) 
RESET S07F 
ction registers (DDRs) are write-only; they read as $FF. 
FIGURE 5 — MCU ADDRESS MAP 
Pull 7 0 
n+] 
7 0 
n+3 10 8 _ 0 
PCH , PCL Program Counter 
n+4 10 5 4 0 
ae fof ofojofs]r]  sP__| Stack Pointer 





Condition Code Register 


Carry/ Borrow 
Zero 

Negative 
interrupt Mask 
Half Carry 


FIGURE 7 — PROGRAMMING MODEL 
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INDEX REGISTER (X) 


The index register is an 8-bit register used for the indexed 
addressing mode. It contains an 8-bit value that may be 
added to an instruction value to create an effective address. 
The index register can also be used for data manipulations 
using the read-modify-write instructions. The index register 
may also be used as a temporary storage area. 


PROGRAM COUNTER (PC) 


The program counter is an 11-bit register that contains the 
address of the next instruction to be executed. 


STACK POINTER (SP) 


The stack pointer is an 11-bit register that contains the ad- 
dress of the next free location on the stack. Initially, the 
stack pointer is set to location $07F and is decremented as 
data is pushed onto the stack and incremented as data is 
pulled from the stack. The six most significant bits of the 
stack pointer are permanently configured to 000011. During 
an MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $07F. Subroutines and in- 
terrupts may be nested down to location $061 (31 bytes max- 
imum) which allows the programmer to use up to 15 levels of 
subroutine calls. 


CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which four 
bits are used to indicate the results of the instruction just ex- 
ecuted. These bits can be individually tested by a program 
and specific action taken as a result of their state. Each in- 
dividual condition code register bit is explained in the follow- 
ing paragraphs. 


HALF CARRY (H) — Set during ADD and ADC instruc- 
tions to indicate that a carry occurred between bits 3 and 4. 


INTERRUPT (1) — This bit is set to mask (disable) the 
timer and external interrupt (INT). If an interrupt occurs 
while this bit is set, the interrupt is latched and is processed 
as soon as the interrupt is cleared. 


NEGATIVE (N) — Used to indicate that the result of the 
last arithmetic, logical, or data manipulation was negative 
(bit 7 in result equal to a logical one). 












o2 
(Internal) 


Prescaler 





ZERO (Z) — Used to indicate that the result of the last 
arithmetic, logical, or data manipulation was zero. 


CARRY/BORROW (C) — Used to indicate that a carry or 
borrow out of the arithmetic logic unit (ALU) occurred dur- 
ing the last arithmetic operation. This bit is also affected dur- 
ing bit test and branch instructions plus shifts and rotates. 


TIMER 


The EF6805P2 MCU timer circuitry is shown in Figure 8. 
The 8-bit counter may be loaded under program control and 
is decremented toward zero by the clock input (prescaler 
output). When the timer reaches zero, the timer interrupt re- 
quest bit (bit 7) in the timer control register (TCR) is set. The 
timer interrupt can be masked (disabled) by setting the timer 
interrupt mask bit (bit 6) in the TCR. The interrupt bit (1 bit) in 
the condition code register also prevents a timer interrupt 
from being processed. The MCU responds to this interrupt 
by saving the present CPU state on the stack, fetching the 
timer interrupt vector from locations $7F8 and $7F9, and ex- 
ecuting the interrupt routine; see the Interrupts section. THE 
TIMER INTERRUPT REQUEST BIT MUST BE CLEARED BY 
SOFTWARE. 


The clock input to the timer can be from an external 
source (decrementing of timer counter occurs on a positive 
transition of the external source) applied to the TIMER 
input pin or it can be the internal @2 signal. Three machine 
cycles are required for a change in state of the TIMER pin 
to decrement the timer prescaler. The maximum fre- 
quency of a signal that can be recognized by the TIMER or 
INT pin logic is dependent on the parameter labeled tyy, 
twu. The pin logic that recognizes the high (or low) state 
on the pin must also recognize the low state on the pin in 
order to ‘‘re-arm” the internal logic. Therefore, the period 
can be calculated as follows: (assumes 50/50 duty cycle 
for a given period) 


1 

tcyc X 2+ 250 ns= period rs 

The period is not simply ty + twH. This computation is 

allowable, but it does reduce the maximum allowable fre- 

quency by defining an unnecessarily longer period (250 ns 
twice). 

When the ¢2 signal is used as the source, it can be gated 

by an input applied to the TIMER input pin allowing the user 

to easily perform pulse-width measurements. (NOTE: For 










Timer 
i -I--; Interrupt. ‘Timer 
! 1 Request ‘Interrupt 
TIMER : i (TIR) Mask (TIM) 
Input ' t Not Used 
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1 : Timer Control Register (TCR) 
Manufacturing 
Mask 
Options Write Read Write Read 
Internal Data Bus 
FIGURE 8 — TIMER BLOCK DIAGRAM 
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ungated $2 clock inputs to the timer prescaler, the TIMER 
pin should be tied to Vcc.) The source of the clock input is 
one of the mask options that is specified before manufacture 
of the MCU. 

A prescaler option can be applied to the clock input that 
extends the timing interval up to a maximum of 128 counts 
before decrementing the counter. This prescaling mask 
option is also specified before manufacture. To avoidtrun- 
cation errors, the prescaler is cleared when bit 3 of the 
timer counter register is written to a logic one. (This bit 
always needs a logic 0). 

The timer continues to count past zero, falling from $00 
toSFF andthen continuing the countdown. Thus, the coun- 
ter can be read at any time by reading the timer data 
register (TDR). This allows a program to determine the 
length of time since a timer interrupt has occurred without 
disturbing the counting process. 

At power-up or reset, the prescaler and counter are 
initialized with all logical ones, the timer interrupt request 
bit (bit 7) is cleared and the timer interrupt mask bit (bit 6) 
is Set. 


SELF-CHECK 


The self-check capability of the EF6805P2 MCU provides 
an internal check to determine if the part is functional. Con- 
nect the MCU as shown in Figure 9 and monitor the output 
of port C bit 3 for an oscillation of approximately 7 Hz. A 
10 voit level on the TIMER input, pin 7, energizes the ROM- 
based self-check feature. The self-check program exercises 
the RAM, ROM, TIMER, interrupts, and 1/O ports. 


EF6805P2 


Vss=Pin 1 








RESETS 


The MCU can be reset three ways: by initial power-up, by 
the external reset input (RESET) and by optional, internal, 
low-voltage detect circuits. The RESET input consists 
mainly of a Schmitt trigger that senses the RESET line 
logic level. A typical reset Schmitt trigger hysteresis curve 
is shown in Figure 11. The Schmitt trigger provides an 
internal reset voltage if it senses a logical zero on the 
RESET pin. 








POWER-ON RESET (POR) 


An internal reset is generated upon power-up that allows 
the internal clock generator to stabilize. A delay of tray 
milliseconds is required before allowings the RESET input 
to go high. See the power and reset timing diagram (see 
Figure 10). Connecting a capacitor to the RESET input 
(see Figure 12) typically provides sufficient delay. During 
power-up, the Schmitt trigger switches on (removes 
reset) when RESET rise to Vines’. 





EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcyc). Under this type of reset, the Schmitt trigger 
switches off are ViRES- to provide an internal reset volt- 
age. 


LOW VOLTAGE INHIBIT (LVI) 


The optional low-voltage detection circuit causes areset 
of the MCU if the power supply voltage falis below a 
certain level (Vij). The only requirement is that the Vcc 
must remain at or below the V; yj threshold for one toyc 
minimum. 


Self-Check Error Patterns 









Cc 


All 4 LEDs Flashing 


NOTE 
When PC1 or PCO is 0, the LED is on. 


0] 
0 
Bee ea 
ot 


vu 
o 





*This connection depends on the clock oscillator user selectable mask option. 


Use crystal if that option is selected. 


FIGURE 9 — SELF-CHECK CONNECTIONS 
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In typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less thanone 
tcyc. The output from the low-voltage detector is con- 
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through a 
resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (Viyp) at 
which time a normal power-one reset occurs. 


INTERNAL CLOCK GENERATORS OPTIONS 


The internal clock generator circuit is designed to 
require a minimum of external components. A crystal, a 
resistor, a jumper wire, or an external signal may be used 
to generate a system clock with various stability/cost 
tradeoffs. . 

A manufacturing mask option is used to select crystal or 
resistor operation. 


The different connection methods are shown in Fig- 
ure 13. Crystal specifications and suggested PC board 
layouts are given in Figure 14. Aresistor selection graph 
is given in Figure 15. 


Vcc 


RESET 
Pin 


internal 
Reset 





The crystal oscillator start-up time is a function of many 
variables: crystal parameters (especially Rs, oscillator 
load capacitances, IC parameters, ambient temperature, 
supply voltage and supply voltage turn-on time). To 
ensure rapid oscillator start-up, neither the crystal char- 
acteristics nor the load capacitances should exceed 
recommendations. 

When utilizing the on-board oscillator, the MCU should 
remain in the reset condition (RESET pin voltage below 
ViRES*) until the oscillator has stabilized at its operating 
frequency. Several factors are involved in calculating cur- 
rent specifications. 

One Vcc minimum is reached, the external RESET 
capacitor will begin to charge at a rate dependent on the 
capacitor value. The charging current is supplied from 
Vcc through a large resistor, so it functions almost like a 
constant current source until_the reset voltages rises 
above VinES+. Therefore, the RESET pin will charge a 
approximately __ 








(ViIRES*) . Cext =IRES - tRHL 


“Dip” 
in Power 





FIGURE 10 - POWER AND RESET TIMING 


Out 


Reset 


tn 
Reset 
0.8 V 


2V 4Vv 


FIGURE 11 — TYPICAL RESET SCHMITT 
TRIGGER HYSTERESIS 
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Part Of 
EF6805P6 
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FIGURE 12 — POWER-UP RESET DELAY CIRCUIT 
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EF6805P2 

EXTAL MCU 
(Resistor Mask 

Option) 


EF6805P2 
EXTAL MCU 
(Crystal Mask 
Option) 





(See Note) C 
4 

















Approximately 25% to 50% Accuracy 
Typical tcyc= 1.25 us 
External Jumper 


Crystal 






5 | XTAL 


R EF6805P2 





EF6805P2 









External — 
(Resistor Mask 
Input (Crystal Mask No Ontical 
Option) Connection : 
External Clock Approximately 10% to 25% Accuracy 


External Resistor 
(Excludes Resistor Tolerence) 


NOTE: The recommended C; value with a 4.0 MHz crystal is 27 pF, maximum, including system distributed capacitance. There is an internal 
capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz; the total capacitance on each pin 
should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on EXTAL and 
approximately 25 pF on XTAL. The exact value depends on the Motional-Arm parameters of the crystal used. 


FIGURE 13 — CLOCK GENERATOR OPTIONS 


(a) 
Crystal Parameters 


Cy 
AT — Cut Parallel Resonance Crystal 
Co=7 pF Max. 
EXTAL Ly - RS XTAL Freq. = 4.0 MHz @ C, = 24 pF 
a Co 5 Rs =50 ohms Max. 


Piezoelectric ceramic resonators which have the equi- 
valent specifications may be use instead of crystal oscilla- 
tors. Follow ceramic resonator manufacturer's sugges- 
tions for Co, C4 and Rs values. 





NOTE: Keep crystal leads and circuit 
connections as short as possible. 





FIGURE 14 — CRYSTAL MOTIONAL ARM PARAMETERS 
AND SUGGESTED PC BOARD LAYOUT 
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8.0 
7.0 
6.0 
5.0 
4.0 
3.0 
2.0 


Oscillator Frequency (MHz) 


1.0 


20 30 


40 





50 60 70 80 


Resistance (kf) 


FIGURE 15 — TYPICAL FREQUENCY SELECTION FOR 
RESISTOR OSCILLATOR OPTION 


INTERRUPTS 


The EF6805P2 MCU can be interrupted three different 
ways: through the external interrupt (INT ) input pin, the in- 
ternal timer interrupt request, or the software interrupt 
instruction (SW 1). When any interrupt occurs, the current 
instruction (including SW1) is completed, processing is 
suspended, the present CPU state is pushed onto the 
stack, the interrupt bit (1) in the condition code register is 
set, the address of the interrupt routine is obtained from 
the appropriate interrupt vector address and the interrupt 
routine is executed. Stacking the CPU registers, setting 
the | bit, and vector fetching requires a total of 11 teyc 
periods for completion. 

A flowchart of the interrupt sequence is shown in 
Figure 16. The interrupt service routine must end with a 
return from interrupt (RTI) instruction which allows the MCU 
to resume processing of the program prior to the interrupt 
(by unstacking the previous CPU state). Unlike RESET, 
hardware interrupts do not cause the current instruction ex- 
ecution to be halted, but are considered pending until the 
current instruction execution is complete. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts and if unmasked, 
proceeds with interrupt processing; otherwise, the next in- 
struction is fetched and executed. Note that masked inter- 
rupts are latched for later interrupt service. 

If both an external interrupt and a timer interrupt are pend- 
ing at the end of an instruction execution, the external inter- 
rupt is serviced first. The SWI is executed as any other in- 
struction. 


The external interrupt is internally synchronized and then 
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latched on the falling edge of INT. A sinusoidal input 
signal (fj,y7 Maximum) can be used to generate an exter- 
nal interrupt, as shown in Figure 1 7(a), for use as a zero- 
crossing detector (for negative transitions of the ac sinu- 
soid). This allows applications such as servicing time-of- 
day routines and engaging/disengaging ac power control 
devices. Off-chip full-wave rectification provides an inter- 
rupt at every zero crossing of the ac signal and thereby 
provides a 2f clock. 

For digital applications, the INT pin can be driven by a 
digital signal. The maximum frequency of a signal that can 
be recognized by the TIMER or INT pin logic is dependent 
on the parameter labeled ty, twp. The pin logic that 
recognizes the high (or low) state on the pin must also 
recognize the low (or high) state on the pin in order to 
“rearm” the internal logic. Therefore, the period can be 
calculated as follows: (assumes 50/50 duty cycle for a 
given period) 


1 
teycX2 + 250 ns =period = —— 
freq 
The period is not simply ty, + typ. This computation is 
allowable, but it does reduce the maximum allowable 
frequency by defining an unnecessarily longer period 
(250 ns twice). See Figure 17(b). 


A software interrupt (SWI) is an executable instruction 
which is executed regardless of the state of the I bit in the 
condition code register. Note that if the | bit is zero, SWI 
executes after the other interrupts. SWls are usually used 
as break-points for debugging or as system calls. 
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1-1 (in CCR) 
O7F—— SP 
O0-DDRs 
CLR INT Logic 
FF Timer 
7F -—Prescaler 
7F-TCR 













Put 7FE on 
Address Bus 


RESET 
Pin= Low 


aj) RESET 
Pin = High 


Load PC 


from 
7FE/7FF 











Clear Stack 

INT PC, X, A, CC 
Request 

Latch 





Load PC From: 
SWI: 7FC/7FD 
INT: 7FA/7FB 
TIMER: 7F8 /7F9 







Instruction 


PC=PC#)] 






Execute All 
Instruction 
Cycles 





FIGURE 16 — RESET AND INTERRUPT PROCESSING FLOWCHART 


(a) Zero-Crossing Interrupt 


Vcc 
ac Input (Current TTL 4.7k 
(fin Max.) — Limiting) EF6805P2 Level EF6805P2 
R<1m2 MCU Digital MCU 
ac Input < R Input 
10 Vac p-p 0.1-1.0 
N 
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(b) Digital-Signal Interrupt 
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FIGURE 17 — TYPICAL INTERRUPT CIRCUITS 
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INPUT/OUTPUT 
There are 20. input/output pins. The INT pin may also be 
polled with branch instructions to provide an additional input 
pin. All pins (port A, B, and C) are programmable as either 
inputs or outputs under software control of the corres- 


ponding write-only data direction register (DDR). The port. 


1/O: programming is accomplished by writing the corres- 
ponding bit in the port DDR to a logic “1” for output or a 
logic O” for input. On reset, all the DDRs are initialized to 
a logic 0” state to put the ports in the input mode. To avoid 
undefined levels, the port output registers are not initial- 
ized on reset, but may be written before setting the DDR 
bits. When programmed as outputs, the latched output 
data is readable as. input data. regardless of the logic levels 
at the output pin due to output loading; see Figure 18.When 
port B is programmed for outputs, it is capable of sinking 10 
mA and sourcing 1 mA on each pin. 

All input/output lines are TTL compatible as both inputs 
and outputs. Ports B and C are CMOS compatible as inputs. 
Port A may be made CMOS compatible as outputs with a 
mask option.. The address map in Figure 5 gives the address 















Data 
Direction Register 
Biu* 


Ww 

Cc 
7% 2 Latched 
co Output 
2 : Data 
~ 6 Bit 

os) 


Data 
Direction 


Register 
Bit 


* DDR is a write-only register and reads. as all ‘1s’. 
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of data registers and DDRs. The register configuration is pro- 
vided in Figure 19 and Figure 20 provides some examples of 


~ port connections. 


Caution. 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, and $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, they 
cannot be used to set or clear a DDR bit (all ‘unaf- 
fected” bits would be set). It is recommended that all 
DDR bits in a port be written using a single-store in- 
struction. 


The latched output data bit (see Figure 18) may always be 
written. Therefore, any write to a port writes all of its data 
bits even though the port DDR is set to input. This may be 
used to initialize the data registers and avoid undefined out- 
puts; however, care must be exercised when using read- 
modify-write instructions since the data read corresponds to 
the pin level if the DDR is an input (‘0’) and corresponds to 
the latched output data when the DDR is an output (‘'1"). 


Latched 
Output 
State 





** Ports A (with CMOS drive disabled), B, and C are three state ports. Port A has optional internal pullup devices 
to provide CMOS drive capability. See Electrical Characteristics tables for complete information. 


FIGURE 18 — TYPICAL PORT 1/0 CIRCUITY 
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PORT DATA REGISTER 


Port A Addr = $000 
Port B Addr= $001 
Port C Addr = $002 (Bits O—>3) 


TIMER CONTROL REGISTER (TCR) 


7 6 5 4 3 2 1 0 

ee 
TCR7— Timer Interrupt Status Bit: Set when TDR goes 

to zero; must be cleared by software. Cleared to 

O by reset. 
TCR6 Bit 6— Timer Interrupt Mask Bit: 1= timer inter- 

rupt masked (disabled). Set to 1 by reset. 

TCR Bits 5, 4, 3, 2, 1, O read as ‘1s’ — unused bits. 





PORT DATA DIRECTION REGISTER (DDR) 


7 0 
(1) Write Only; reads as all ‘1s’ 
(2) 1= Output; O= Input. Cleared to O by reset. 
(3) Port A Addr = $004 


Port B Addr= $005 
Port G Addr = $006 (Bits 0O—-3) 


TIMER DATA REGISTER (TDR) 


MSB LSB $008 


FIGURE 19 — MCU REGISTER CONFIGURATION 


(CMOS Loads) 


(1 TTL Load) 





Port A, bit 7, programmed as output, — 
driving CMOS loads and bit 4 driving one TTL 
load directly using CMOS output option. 





Port B, bit 0 and bit 1 programmed as output, 
driving LEDs directly. 






Jio= HFEelo 


2N6386 (Typical) 


Port B, bit 5 programmed as output, driving 
Darlington-base directly. 


CMOS 
inverters 
MC14049/MC 14069 
(Typical) 





Port C, bits 0-3 programmed as output, driving 
CMOS loads, using external pullup resistors. 


FIGURE 20 (a) — TYPICAL OUTPUT MODE PORT CONNECTIONS 
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Ma 







SN74LS04 
(Typical) 


\ / 





MC14069 
(Typical) 


SN74LS04 
(Typical) 









\7 







SN74LS04 ° cee 

or ° PB4 

MC14069  ° PB3 
(Typical) . 


\/ 





CMOS or TTL driving port B directly. 


CMOS and TTL driving port C directly. 


FIGURE 20 (b) 


~— TYPICAL OUTPUT MODE PORT CONNECTIONS 


SOFTWARE 


BIT MANIPULATION 


The EF6805P2 MCU has the ability to set or clear any 
single random access memory or input/output bit (except 
the data direction register, see Caution below), with a 
single instruction (BSET, BCLR). Any bit in page zero 
including ROM, except the DDRs, can be tested, using the 
BRSET and BRCLR instructions, andthe program branches 
as a result of its state. The carry bit equals the value of the 
bit referenced by BRSET or BRCLR. A rotate instruction 
may then be used to accumulate serial input data ina RAM 
location or register. The capability to work with any bit in 
RAM, ROM, or I/O allows the user to have individual flags 
in RAM or to handle I/O bits as control lines. 

The coding example in Figure 21: illustrates the useful- 
ness of the bit manipulation and test instructions. Assume that 
the MCU is to communicate with an external serial device. 


Serial 
Device 





The external device has a data ready signal, a data output 
line, and a clock line to clock data one bit at a time, LSB first, 
out of the device. The MCU waits until the data is ready, 
clocks the external device, picks up the data in the carry flag 
(C bit), clears the clock line, and finally accumulates the data 
bit in a RAM location. 


Caution 

The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, and $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, they 
cannot be used to set or clear a DDR bit (all ‘unaf- 
fected’’ bits would be set). It is recommended that all 
DDR bits in a port be written using a single-store in- 
-Struction. 


SELF BRSET 2, PORTA, SELF 
BSET 1, PORTA 
BRCLR 0, PORTA, CONT 
CONT BCLR 1, PORTA 


ASR RAMLOC 


FIGURE 21 — BIT MANIPULATIONS EXAMPLE 
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ADDRESSING MODES 


The EF6805P2 MCU has 10 addressing modes which are 
explained briefly inthe following paragraphs. For additional 
details and graphical illustrations, refer to the 6805 Family 
User’s Manual. 

The term ‘‘effective address’ (EA) is used in describing the 
address modes. EA is defined as the address from which the 
argument for an instruction is fetched or stored. 


IMMEDIATE — In the immediate addressing mode, the 
operand is contained in the byte immediately following the 
opcode. The immediate addressing mode is used to access 
constants which do not change during program execution 
(e.g., a constant used to initialize a loop counter). 


DIRECT — In the direct addressing mode, the effective ad- 
dress of the argument is contained in a single byte following 
the opcode byte. Direct addressing allows the user to direct- 
ly address the lowest 256 bytes in memory with a single 
2-byte instruction. This includes the on-chip RAM and 1|/O 
registers and 128 bytes of ROM. Direct addressing is an ef- 
fective use of both memory and time. 


EXTENDED — In the extended addressing mode, the ef- 
fective address of the argument is contained in the two bytes 
following the opcode. Instructions using extended address- 
ing are capable of referencing arguments anywhere in 
memory with a single 3-byte instruction. When using the 
Motorola assembler, the programmer need not specify 
whether an instruction uses direct or extended addressing. 
The assembler automatically selects the shortest form of the 
instruction. 


RELATIVE — The relative addressing mode is only used in 
branch instructions. In relative addressing, the contents of 
the 8-bit signed byte following the opcode (the offset) is add- 
ed to the PC if and only if the branch condition is true. Other- 
wise, control proceeds to the next instruction. The span of 
relative addressing is from — 126 to +129 from the opcode 
address. The programmer need not worry about calculating 
the correct offset when using the Motorola assembler since 
it calculates the proper offset and checks to see if it is within 
the span of the branch. 


INDEXED, NO OFFSET — In the indexed, no offset ad- 
dressing mode, the effective address of the argument is con- 
tained in the 8-bit index register. Thus, this addressing mode 
can access the first 256 memory locations. These instruc- 
tions are only one byte long. This mode is often used to 
move a pointer through a table or to hold the address of a 
frequently referenced RAM or I/O location. 


INDEXED, 8-BIT OFFSET — In the indexed, 8-bit offset 
addressing mode, the effective address is the sum of the 
contents of the unsigned 8-bit index register and the unsign- 
ed byte following the opcode. This addressing mode is 
useful in selecting the kth element in an n element table. 
With this 2-byte instruction, k would typically be in X with 
the address of the beginning of the table in the instruction. 
As such, tables may begin anywhere within the first 256 ad- 
dressable locations and could extend as far as location 510 
($1FE is the last location at which the instruction may begin). 





INDEXED, 16-BIT OFFSET — In the indexed, 16-bit offset 
addressing mode, the effective address is the sum of the 
contents of the unsigned 8-bit index register and the two un- 
signed bytes following the opcode. This addressing mode 
can be used in a manner similar to indexed, 8-bit offset, ex- 
cept that this 3-byte instruction allows tables to be anywhere 
in memory. As with direct and extended addressing, the 
Motorola assembler determines the shortest form of indexed 
addressing. 


BIT SET/CLEAR — In the bit set/clear addressing mode, 
the bit to be set or cleared is part of the opcode, and the byte 
following the opcode specifies the direct address of the byte 
in which the specified bit is to be set or cleared. Thus, any 
read/write bit in the first 256 locations of memory, including 
1/O, can be selectively set or cleared with a single 2-byte in- 
struction. 


Caution 

The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, and $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, they 
cannot be used to set or clear a DDR bit (all ‘‘unaf- 
fected” bits would be set). It is recommended that all 
DDR bits in a port be written using a single-store in- 
struction. 


BIT TEST AND BRANCH — The bit test and branch ad- 
dressing mode is a combination of direct addressing and 
relative addressing. The bit and condition (set or clear) which 
iS to be tested is included in the opcode, and the address of 
the byte to be tested is in the single byte immediately follow- 
ing the opcode byte. The signed relative 8-bit offset is in the 
third byte and is added to the value of the PC if the branch 
condition is true. This single 3-byte instruction allows the 
program to branch based on the condition of any readable 
bit in the first 256 locations of memory. The span of bran- 
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ching is from — 125 to + 130 from the opcode address. The 
state of the tested bit is also transferred to the carry bit of the 
condition code register. 


Caution 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, and $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, they 
cannot be used to set or clear a DDR bit (all ‘““unaf- 
fected” bits would be set). It is recommended that all 
DDR bits in a port be written using < single-store in- 
struction. 


INHERENT — In the inherent addressing mode, all the in- 
formation necessary to execute the instruction is contained 
in the opcode. Operations specifying only the index register 
or accumulator, as well as control instruction with no other 
arguments, are included in this mode. These instructions are 
one byte long. 


INSTRUCTION SET 

The EF6805P2 MCU has aset of 59 basic instructions, 
which when combined with the 10 addressing modes pro- 
duce 207 usable opcodes. They can be divided into five dif- 
ferent types: register/memory, read-modify-write, branch, 
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bit manipulation, and control. The following paragraphs 
briefly explain each type. All the instructions within a given 
type are presented in individual tables. 


REGISTER/MEMORY INSTRUCTIONS — Most of these 
instructions use two operands. One operand is either the ac- 
cumulator or the index register. The other operand is obtain- 
ed from memory using one of the addressing modes. The 
‘jump unconditional (JMP) and jump to subroutine (JSR) in- 
structions have no register operands. Refer to Table 1. 


READ-MODIFY-WRITE INSTRUCTIONS — These 
instructions read a memory location or a register, modify 
or test its contents, and write the modified value back to 
memory or to the register. The test for negative or zero 
(TST) instruction is included in read-modify-write instruc- 
tions through it does not perform the write. Refer to 
Table 2. 


Caution 

The corresponding DORs for ports A, B, and C are 
write-only registers (registers at $004, $005, and $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, they 
cannot be used to set or clear a DDR bit (all “unaf- 
fected" bits would be set). It is recommended that all 
DDR bits in a port be written using a single-store in- 
struction. 
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BRANCH INSTRUCTIONS — The branch instructions 
cause a branch from the program when a certain condition is 
met. Refer to Table 3. 


BIT MANIPULATION INSTRUCTIONS — These ins- 
tructions are used on any bit in the first 256 bytes of the 
memory. One group either sets or clears. The other group 
performs the bit test branch operations. Refer to Table 4. 


Caution 

The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, and $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, they 
cannot be used to set or clear a DDR bit (all ‘‘unaf- 
fected” bits would be set). It is recommended that all 
DOR bits in a port be written using a single-store in- 
struction. 


CONTROL INSTRUCTIONS — The control instructions 
control the MCU operations during program execution. 
Refer to Table 5. 


ALPHABETICAL LISTING — The complete instruction set 
is given in alphabetical order in Table 6. 


OPCODE MAP SUMMARY — Table 7 is an opcode map 
for the instructions used on the MCU. 





TABLE 1 — REGISTER/MEMORY INSTRUCTIONS 


” 
® 
v 
° 
2 
D 
= 
w 
w 
© 
al 
a) 
3 
q 


Indexed 
(16-Bit Offset) 


Indexed 


(8-Bit Offset) 


Indexed 


# 
es| Cycles 


# 


Immediate 
ef Byt 


Load A from Memory 


Load X from Memory 


Store Ain Memory 
Store X in Memory 


Add Memory to A 


Add Memory and 


Carry toA 
Subtract Memory 





Subtract Memory from 


A with Borrow 
AND Memory toA 


OR Memory with A 


Exclusive OR Memory 


Arithmetic Compare A 


with Memory 





EF6805P2 








(8 Bit Offset) 


indexed 
(No Offset) 





Addressing Modes 


# 
elByt 


# 

ol cyete 
ae 
ae 
meme 
pa | 
a 
oa 
ca 
a 
ew 


TABLE 2 — READ-MODIFY-WRITE INSTRUCTIONS. 


ae 
ee 
ez 
ze 


1 


page 
ro. 4a [1 | 
ae 





# # 
oe a 
ee ee 
4 | 
aa 


ae 


ABT 


INC 
DEC 
CLR 
LSL 
LSR 
ASR 
TST 


Rotate Right Thru Carry | ROR | 46 | 





Negate 
(2's Complement) NEG 





[complement | _cOM | 43] 1 


Logical Shift Right 


Arithmetic Shift Right 


Test for Negative 
or Zero 


Logical Shift Left 


Increment 
Decrement 






A (Logical Compare) 


Jump Unconditional 


with Memory 
Bit Test Memory with 


Arithmetic Compare X 
Jump to Subroutine 
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TABLE 3 — BRANCH INSTRUCTIONS 


Relative Addressing Mode 
Op # # 
Code Bytes | Cycles 
Branch Always 2 


0 2 
1 2 
Branch IFFHigher 
4 
4 
5 
5 


| BRN 
3 eH] 
(GranchiFFigher or Sama] HS) | _24_| 
Teor 
| BNE | 
| BHCC 










ae 


ees 
| 4 
iar ae 
(B10) ese ae 


BranchliFFNot Equal 
Branch IFF Half Carry Clear} BHCC 







> 


B 
BranchiFF Half Carry Set BHCS 29 
BranchliFF Plus 
BranchliFF Minus | BMI 
Branch!lFFinterupt Mask 
Bit is Clear BM 
BranchlFF interrupt Mask 
Bit is Set BM 


ioe] 


OQ 


NO 
(o>) 


BranchIiFF interrupt Line 
is Low 

BranchiFF interrupt Line 
is High 


Branch to Subroutine 






> 
as 


1) N N N Nth 
Oo m oO 





Addressing Modes 


Bit Set/Clear 

cao | mame | SE het 

Code Bytes| Cycles} Code Bytes} Cycles 

Branch FF Bitnisset | BREETHin-o.H] — |- | — [2 | 3 
Branch WF Bit nie clear | BRCLAnin=0.7 | — | — | [or 2en] 
PSetgitn | BSETnin=0..7 [10+2en| 2 | 7 | — | 














PSetcaryen +t Sec 
[clear Caryen | cic 
[Set interrupt Mask @n | sei] 
[Clear interrupt Mask | CLI 
[Software interrupt | SWI 
[Return from Subroutine | ATS 
Return from Interrupt | RTI] 

P_asp_| 

P_NoP | 


Reset Stack Pointer 


TAX 
XA 
SEC 
CLC 
SEI 
CLI 
Swi 
RTS 
RTI 
RSP 





No-Operation 
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TABLE 6 — INSTRUCTION SET 


Addressing Modes 








| ol<|<}ol<|<lelolele/elele|elelelelele 
-wlzlelelel<leolele[e lolol elole[<lele. 


s|__2/<|<[<|<|</e [e[ele/elele[eleje|<[ele| 
mee Oooo oomouoSooog0g 


SETTERS 
HEEL EEE 
TULTHLEEEHEpaapeaeeECCCCCCUUTITILETL 
CUeAUUTTLTEELEL ALTER Eee EEL 
eee eee 
SLES 


= Oo o/4I\s YM fu { oc a. © la a cjO aia 
a tw i hed Bs = |z |a wx w a|2 wlo O15 |G (6 6 | | |e Olu 
<x [oe] m}|a m ima fea) fea) O OQ jw 519 oa)/isfZ aio 





jejele | 
jelele | 
POOLS 
jefelete | 
ejelele | 
jolejele | 
leleleie 
eee A 
sisteten 
ele ee 
oon 
dooce 
lofelele | 
Cs ei 


Condition Code 





Bit 
Test & 
Branch 





Bit 
Set/ 
Clear 





No Offset) aa Bits) Le Bits) 





aa 


Indexed 





( 





xtended 


E 





immediate 














=< 
NOP 


Condition Code Symbols: 


C Carry/ Borrow 


H_ Half Carry (From Bit 3) 


| Interrupt Mask 


A Test and Set if True, Cleared Otherwise 


® Not Affected 


N Negative (Sign Bit) 


Z Zero 
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TABLE 6 — INSTRUCTION SET (CONTINUED) 


Addressing Modes | Condition Code | Code 





dhol 
ofele 
eft, 
Om 
Aye | 
Aye | 
jefe | 
Ci 
Ate 
ele | 


Condition Code Symbols: 


H Half Carry (From Bit 3) C Carry/Borrow 
| Interrupt Mask A Test and Set if True, Cleared Otherwise 
N Negative (Sign Bit) ¢ Not Affected 
Z Zero ? Load CC Register From Stack 
HMOS 6805 FAMILY 











i 3776 
Ye [None _ 
ae acd 
[Nera [None | Hone | “Wena | Binpat | Bingo 


Fie UART | Timer_| Timer] Timer | Timer,A/0 [Timer A/D|Ti 
(ee Mm A 
[Ne | No_| No [No | No | No 
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Sb7-z 


SUNALINGNODIWAS NOSWOHL 


vZ/Le 


TABLE 7 — 6805 HMOS FAMILY OPCODE MAP 





Read-Modify-Write Control Register /Memo 
a IX 


Loic | oto ia aac car OS 





aT | REL | 
BRCLRO ; BCLRO 
RSET! "aseT! 

6 











— eer eae = 


'BRCLAS, " BCLAS 
‘at 





IMM } | 0101 
4 4 
INH 1 IX 
4 5 
‘BRCLAS " BCLRS ASR ~ASRA * ASRX STA 
BT DIR | 4 ] INH 1 IX gi 
6 4 4 4 
BRSETA " BSETA moe bet LSLX EOR 8 
BTB INH 4 INH | 2 1 IX 1000 
7 
BRCLRS " BCLRA " BHCS ~ROLA ROLX ADC ae | 
INH | 1 INH | 2 ] 1X 
4 t 
'BRSETS " BSETS " DECA «DECK ORA A 
INH INH | 2 j 1x 1010 


4 7 
INGE INCX INC INC 


4 

le ane 

1011 

2 
BTB 1 INH | 2 1x1 1 1 INH 2 DIR | 3 EXT] 3 1X2] 2 IX1 1 1X 1100 
4 7 6 2 8 7 8 5 5 
1 INH | 2 1X1 1 IX 1 INH | 2 REL | 2 DIR | 3 EXT] 3 iX2 1 2 Xt 1 IX 1101 
2 

aa 
Es 


4 7 6 
Ae ee 2 DIR } 1 1 INH } 2 X14 Ix 


— — 
— — 
je° =. 

oS 





Abbreviations for Address Modes LEGEND 

INH inherent Opcode in Hexadecimal 
IMM Immediate 

DIR Direct 

EXT Extended # of Cycles Opcode in Binary 
REL Relative Mnemonic 

BSC Bit Set/Clear Bytes 

BTB Bit Test and Branch 

IX Indexed (No Offset) Address Mode 
1X1 indexed, 1 Byte (8-Bit) Offset 

1X2 Indexed, 2 Byte (16-Bit) Offset 
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PHYSICAL DIMENSIONS 


CB-132 


(1) Nomina! dimension 
(2) True geometrical position 





28 4 P SUFFIX 
. PLASTIC PACKAGE 








FN SUFFIX 
PLCC28 


8 u 
ea 1,27 Jejelele| 


Typ. 


EF6805P2 
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ORDERING INFORMATION 


The information required when ordering acustom MCU 
is listed below. The ROM program may be transmitted to 
THOMSON SEMICONDUCTEURS on EPROM(s) or an 
EFDOS/MDOS* disk file. 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact your local THOMSON SEMICONDUC- 
TEURS representative or distributor. 


EPROMs 


One 2716 or 2732 type EPROMs, programmed with the 
customer program ( positive logic sense for address and 
data ), may be submitted for pattern generation. 


080 


XXX = Customer ID 


After the EPROM is marked, it should be placed in 
conductive IC carriers and securely packed. Do not use 
styrofoam. 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are fil- 
ed for contractual purposes and are not returned. A com- 
puter listing of the ROM code will be generated and returned 
along with a listing verification form. The listing should be 
thoroughly checked and the verification form completed, 
signed, and returned to THOMSON SEMICONDUC- 
TEURS. The signed verification form constitutes the 


contractual agreement for creation of the customer mask. 
If desired, THOMSON SEMICONDUCTEURS will prc- 
gram on blank EPROM from the data file used to create 
the custom mask and aid in the verification process. 


ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will be 
sent for program verification. These units will have been 
made using the custom mask but are for the purpose of 
ROM verification only. For expediency they are usually un- 
marked, packaged in ceramic, and tested only at room 
temperature and 5 volts. These RVUs are included in the 
mask charge and are not production parts. The RVUs are 
thus not guaranteed by THOMSON. SEMICONDUC- 
TEURS. Quality Assurance, and should be discarded 
after verification is completed. 


FLEXIBLE DISKS 


The disk media submitted must be single-sided, EFDOS/ 
MDOS* compatible floppies. 

The customer must write the binary file name and compa- 
ny name on the disk with a felt-tip-pen. The minimum 
EFDOS/MDOS* system files, as well as the absolute 
binary object file (Filename .LO type of file) from the 
6805 cross assembler, must be on the disk. An object file 
made from a memory dump using the ROLLOUT com- 
mand is also acceptable. Consider submitting a source 
listing as well as the following files : filename .LX (DEVI- 
CE/EXORciser loadable format) and filename .SA (ASCII 
Source Code). These files will of course be kept confiden- 
tial and are used 1) to speed up the process in-house if any 
problems arise, and 2) to speed up the user-to-factory 
interface if the user finds any software errors and needs 
assistance quickly from THOMSON SEMICONDUC- 
TEURS factory representatives. 

EFDOS is THOMSON SEMICONDUCTEURS’ Disk 
Operating System available on development systems 
such as DEVICE... 

MDOS* is MOTOROLA's Disk Operating System available 
on development systems such as E XORciser.... 


“Requires prior factory approval. 





Whenever ordering a custom MCU is required, please contact your local THOMSON SEMICONDUCTEURS representa- 
tive or THOMSON SEMICONDUCTEURS distributor and/or complete and send the attached ‘MCU customer ordering 
sheet’ to your local THOMSON SEMICONDUCTEURS representative, 


E XORciser is a registered trademark of MOTOROLA Inc. 


THOMSON SEMICONDUCTEURS ——————_______5 
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ORDERING INFORMATION 


EF6805P2 ,C,V 


Device Screening level 


Package Oper. temp. 
The table below horizontally shows all available suffix combinations for package, operating temperature and screening 
jevel. Other possibilities on request. 


EF6805P2 (1.0 MHz) 
EF6805P2 (1.5 MHz)** 
EF6805P2 (2.0 MHz)** 


Examples : EF6805P2P , EF6805P2FN, EF6805P2 PLD, EFG805P2FNLD. 


Package: C: Ceramic DIL, P: Plastic DIL, FN: PLCC. 

Oper. temp.: L*: O°C to + 70°C, V: -40°C to + 85°C, T: -40°C to + 105°C, *: may be omitted. 
Screening level: Std: (no-end suffix), D: NFC 96883 level D. 

**: Requires prior factory approval. 





These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different products. 


Printed in France 


THOMSON SEMICONDUCTEURS 
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8-BIT MICROCOMPUTER 





ADVANCE INFORMATION 


The EF6805P6 Microcomputer Unit (MCU) is a member of the 
6805 Family of low-cost single-chip microcomputers. This 8-bit 
microcomputer contains a CPU, on-chip CLOCK, ROM, RAM, |/O, 
and TIMER. It is designed for the user who needs an economical mi- 
crocomputer with the proven capabilities of the 6800-based instruc- 
tion set. The following are some of the hardware and software high- 
lights of the EF6805P6 MCU. 


HARDWARE FEATURES 


8-Bit Architecture 

64 Bytes of RAM 

Memory Mapped I/O 

1796 Bytes of User ROM 

20 TTL/CMOS Compatible Bidirectional 1/O Lines (8 Lines are 
LED Compatible) 

On-Chip Clock Generator 

Self-Check Mode 

Zero Crossing Detection | CB-520 
Master Reset 

Complete Development System Support on DEVICE®. 

5 V Single Supply. su 


P SUFFIX 
PLASTIC PACKAGE 


SOFTWARE FEATURES a sucelx 


Similar to 6800 Family PLCC 28 

Byte Efficient Instruction Set 

Easy to Program 

True Bit Manipulation 

Bit Test and Branch Instruction PIN ASSIGNMENT 
Versatile Interrupt Handling 

Versatile Index Register 

Powerful Indexed Addressing for Tables 

Full Set of Conditional Branches 

Memory Usable as Register/F lags 

Single Instruction Memory E xamine/Change 

10 Powerful Addressing Modes 

All Addressing Modes Apply to ROM, RAM, and I/O 


28 RESET 


—_ 


USER SELECTABLE OPTIONS 


® Internal 8-8it Timer with Selectable Clock Source (External Timer 
Input or Internal Machine Clock) 
Timer Prescaler Option (7 Bits, 2) 
8 Bidirectional 1/O Lines with TTL or TTL/CMOS Interface 
Option 
Crystal or Low-Cost Resistor Oscillator Option 
Low Voltage Inhibit Option 
Vectored Interrupts : Timer, Software, and External. 
Port B Open Drain Drive Option 


oO own DD oO BR WK 





DEVICE® is THOMSON SEMICONDUCTEURS' development/emulation tool. 


JUNE 1986 1/24 


43, Avenue de l'Europe - 78140 VELIZY-VILLACOUBLAY/FRANCE - Tel. : (1) 39.46.97.19 - Telex TCSF 204780F - Telecopie : (1)39.46.52.64 
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XTAL EXTAL 
7 g Counter 
= 


Accumulator 
8 A 
Index 
~ Register 
8 x 

















PAO 
PAI Condition 
Port PA2 Port Data Code 
A PA3 A Dir 5 Register CC 
1/0 PA4 Reg Rea 
Lines PAS 9 Stack 
PA6 5 Pointer sp 
RAT Program 
Counter 
13 High PCH 
1796 x 8 Program 
User ROM Counter 


Low PCL 


116 X 8 Self- 
Check ROM 












RESET NUM IN 


CPU 
Control 


PBO 
PBI 
Data } Port PB2 Port 
Dir. B PB3 iB 
Reg. Reg. PB4 70 
PB5 Lines 
PB6 
PB7 
Data Port PCO Port 
Dir. C PC1 C 
Reg. Reg PC2 /0 
: PC3 Lines 


RAM 


FIGURE 1 -— EF6805P6 HMOS MICROCOMPUTER BLOCK DIAGRAM. 


MAXIMUM RATINGS 


| ating | Symbol | value 
ico 











Vin 
V suffix 


Operating Temperature Range 0 to + 70 
(T, to T) 40 to +85 
Storage Temperature Range 
Junction Temperature Ty 
Plastic 
THERMAL CHARACTERISTICS 


PLCC | 
Thermal Resistance 
70 
O5A 110 °C/W 


Plastic 
PLCC 
POWER CONSIDERATIONS 
The average chip-junction temperature, Ty, in °C can be obtained from: 
Ty=TA+(PDedjA) 
Where: 
Ta#Ambient Temperature, °C 
645A = Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD =PINT + PPORT. 
PINT#ICC x Vcc. Watts — Chip Internal Power 
PporT = Port Power Dissipation, Watts — User Determined 












oe 








This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields, however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. For proper operation it is 
recommended that Vin and Voyt be con- 
strained to the range Vgss(Vin Or Vout) 
= Vcc. Reliability of operation is enhanced if 
unused inputs are tied to an appropriate logic 
voltage level (e.g., either Vgs or Vcc). 


(1) 


For most applications PpoRT <PinT and can be neglected. PPoRT may become significant if the device is configured to 


drive Darlington bases or sink LED loads. 
An approximate relationship between Pp and Ty (if PpoRT is neglected) is: 
Pp=K+(Ty+ 273°C) 
Solving equations 1 and 2 for K gives: 
K = Ppe(Ta + 273°C) + dy aePp2 


(2) 


(3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 
for a known Ta. Using this value of K the values of Pp and Ty can be obtained by solving equations (1) and (2) iteratively for any 


value of Ta. 
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ELECTRICAL CHARACTERISTICS (Vcc = +5.25 Vdc +0.5 Vdc, Vgg=0 Vdc, Ta =TL to Ty unless otherwise noted) 


Characteristic 
Input High Voltage 
RESET (4.755 Vcc 5.75) 
(Vcc <4.75) 
INT (4.75<5Vcc $5.75) 
(Vcc <4.75) 
Alt Other (Exept TIMER) 
Input High Voltage Timer 
Timer Mode 
Self-Check Mode 
Input Low Voltage 
INT 


All Other 
RESET Hysteresis Voltage (See Figures 10, 11, and 12) 
“Out of Reset” 


“Into Reset’ 


Input Capacitance 
XTAL 
All Other 


5 
Low Voltage Inhibit Oto+70°C |} VLVI 2.75 3.5 Vv 
~40 to + 85°C 3.1 3.5 


Input Current 
TIMER (Vin = 0.4 V) 20 
INT (Vin =2.4 V to Vcc) 50 
EXTAL (Vin= 2.4 V to: Vcc, Crystal Option) 10 pA 
(Vin=0.4 V, Crystal Option) — 1600 
RESET (Vjp=0.8 V) — 40 


* Due to internal biasing, this input (when unused) floats to approximately 2.0 Vdc. 
PORT DC ELECTRICAL CHARACTERISTICS (Vcc = +5.25 Vde +0.5 Vdc, Vgg=0 Vdc, T, =T, to T,, unless otherwise noted) 


L. 
Characteristic |_Symbol_ | Min} Typ | Max | Unit_| 


Port A with CMOS Drive Enabled 
























Output Low Voltage, |i oaqg= 1.6 mA . VoL Fo = | = | o4 f vey 
[Outeut High Voltage. I_gag=—100"A SSCS Vg Pe 
Von Mee" - | | 
input High Voltage, Itogg= —200 A (max) i P20 de 
| Input LowVoltage, Itoag=—500wA imax) | OS | CT 
nn | = | = | 300 [A 

Hi-Z State Input Current (Vj, =0.4 V) i ee ee ee eee 

Port B 
| Output Low Voltage, ILoag=10mA(sinkh ECC TO 
Yon | ee 
[Barington Current Drive (Soureel, Vo=15V Sd tg 0 
LinputHigh Voltage 2 ce 
Finputtow Voltage ss OK 
|Hiz StateImputCurent tg CE Et 


Port B with Open Drain Option 


Output High Voltage VOH 2.4 _ 13.0 Vv 
Port C and Port A with CMOS Drive Disabled 


Hi-Z State Input Current 

















VOL 
VOH 
VIH 
VIL 


ITSI c 


j & N,N 
wy} oO} > 
< 
ie) 
oO 
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SWITCHING CHARACTERISTICS (Vcc= +5.25 Vde +0.5 Vdc, Vgg=0 Vdc, Ta =Tr to Ty unless otherwise noted) 






Oscillator Frequency 


Vcc=5.75V 
MMD6150 


or Equiv. 15k2 


(Total) or Equiv. 


40 pF 1.25 Ny ea. 





(PORT B) 


SIGNAL DESCRIPTION 


The input and output signals for the MCU, shown in 
Figure 1, are described in the following paragraphs. 


Vcc AND Vss 


Power is supplied to the MCU using these two pins. Vcc 
is power and Vs¢ is the ground connection. 


INT 

This pin provides the capability for asynchronously apply- 
ing an external interrupt to the MCU. Refer to Interrupts sec- 
tion for additional information. 


XTAL AND EXTAL 


These pins provide connections to the on-chip clock 
oscillator circuit. A crystal, a resistor, or an external signal, 
depending on the user selectable manufacturing mask op- 
tion, can be connected to these pins to provide a system 
clock source with various stability/cost tradeoffs. Lead 
lengths and stray capacitance on these two pins should be 
minimized. Refer to Internal Clock Generator Options section 
for recommendations about these inputs. 


TIMER 


This pin allows an external input to be used to decrement 
the internal timer circuitry. Refer to Timer section for addi- 
tional information about the timer circuitry. 


RESET 


This pin allows resetting of the MCU at times other than 
the automatic resetting capability already in the MCU. Refer 
to Resets section for additional information. 


NUM 
This pin is not for user application and must be connected 
to Vss. 







EF6805P6 


0.4 
EF68A05P6 0.4 
EF68BO5P6 0.4 


| Cycle Time (4/fogc) ity | 
RESET Delay Time (External Capactence=1OnF) Sd tae 
VIN Zero Crossing Detection Input Frequency Sid) In 
[External Clock Input Duty Cycle EXTA ~___—S—SSSCSCS~SC—S 





Test Point oa, 
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Vcc=5.75V 
MMD6150 


or Equiv. 297k9 


30 pF MMD7000 


(Total) or Equiv. 


if 30 pF (Total) 





FIGURE 2 — TTL EQUIVALENT TEST LOAD FIGURE 3 — CMOS EQUIVALENT TEST LOAD FIGURE 4 — TTL EQUIVALENT TEST LOAD 
(PORT A) 


(PORTS A AND C) 


INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC3) 


These 20 lines are arranged into two 8-bit ports (A and B) 
and one 4-bit port (C). All lines are programmable as either 
inputs or outputs under software control of the data direc- 
tion registers. Refer to Inputs/Outputs section for additional 
information. 


MEMORY 


As shown in Figure 6, the MCU is capable of addressing 
2048 bytes of memory and I/O registers with its program 
counter. The EF6805P6 MCU has implemented 1984 of 
these locations. This consists of: 1796 bytes of 'iser ROM, 
(from $080 to $783) 116 bytes of self-check ROM, 64 bytes 
of user RAM, 6 bytes of port I/O, and 2 timers registers. 

The stack area is used during the processing of interrupt 
and subroutine calls to save the processor state. The register 
contents are pushed onto the stack in the order shown in 
Figure 7. Because the stack pointer decrements during 
pushes, the low order byte (PCL) of the program counter is 
stacked first; then the high order three bits (PCH) are 
stacked. This ensures that the program counter is loaded 
correctly, during pulls from the stack, since the stack pointer 
increments during pulls. A subroutine call results in only the 
program counter (PCL, PCH) contents being pushed onto 
the stack. The remaining CPU registers are not pushed. 


‘CENTRAL PROCESSING UNIT 
The CPU of the EF6805 Family is implemented in- 
dependently from the I/O or memory configuration. Conse- 
quently, it can be treated as an independent central pro- 
cessor communicating with I/O and memory via internal ad- 
dress, data, and control buses. 


REGISTERS 
The 6805 Family CPU has five registers available to the 
programmer. They are shown in Figure 8 and are explained in 
the following paragraphs. 





EF6805P6 













1/O Ports 







Timer 5001 

Page Zero RAM 
Access with 127 (128 Bytes) $002 
Short 128 $003 






Page Zero 
User ROM 
(128 Bytes) 


Instructions 








255 
256 







Main User 
ROM 
(1668 Bytes) 






Timer Control Reg 
Not Used 
(54 Bytes) 


RAM 
(64 Bytes) 


SO0A 


$03F 
$040 









Self Check 
ROM 
(116 Bytes) 


































2040 7; 

2041 imer Interrupt 
| 5042 ese tae Stack 
nterrupt J 5943 External! Interrupt (31 Bytes 
Vectors } 2044 

5045 SWI 37FD Maximum) 







S7FE 


RESET S7FE 127 


$07F 





* Caution: Data direction registers (DDRs) are write-only; they read as SFF. 


FIGURE 5 — MCU ADDRESS MAP 


Pull 7 0 
Accumulator 
n+1 
7 0 
n4+3 10 eT 0 
PCH PCL Program Counter 
n+4 10 54 oO 


n+5 ofofofof1fi}{ sp Stack Pointer 


Condition Code Register 


PCL* 








Push 
*For subroutine calls, only PCL and PCH are stacked. 


Carry/ Borrow 


Zero 
FIGURE 6 — INTERRUPT STACKING ORDER 
Negative 


Interrupt Mask 


ACCUMULATOR (A) | Half Carry 


The accumulator is a general purpose 8-bit register used to 
hold operands and results of arithmetic calculations or data 
manipulations. FIGURE 7 — PROGRAMMING MODEL 
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INDEX REGISTER (X) 


The index register is an 8-bit register used for the indexed 
addressing mode. It contains an 8-bit value that may be 
added to an instruction value to create an effective address. 
The index register can also be used for data manipulations 
using the read-modify-write instructions. The index register 
may also be used as a temporary storage area. 


PROGRAM COUNTER (PC) 


The program counter is an 11-bit register that contains the 
address of the next instruction to be executed. 


STACK POINTER (SP) 


The stack pointer is an 11-bit register that contains the ad- 
dress of the next free location on the stack. Initially, the 
stack pointer is set to location $07F and is decremented as 
data is pushed onto the stack and incremented as data is 
pulled from the stack. The six most significant bits of the 
stack pointer are permanently configured to 000011. During 
an MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $07F. Subroutines and in- 
terrupts may be nested down to location $061 (31 bytes max- 
imum) which allows the programmer to use up to 15 levels of 
subroutine calls. 


CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which four 
bits are used to indicate the results of the instruction just ex- 
ecuted. These bits can be individually tested by a program 
and specific action taken as a result of their state. Each in- 
dividual condition code register bit is explained in the follow- 
ing paragraphs. 


HALF CARRY (H) — Set during ADD and ADC instruc- 
tions to indicate that a carry occurred between bits 3 and 4. 


INTERRUPT (1!) — This bit is set to mask (disable) the 
timer and external interrupt (INT). If an interrupt occurs 
while this bit is set, the interrupt is latched and is processed 
as soon as the interrupt is cleared. 


NEGATIVE (N) — Used to indicate that the result of the 
jast arithmetic, logical, or data manipulation was negative 
(bit 7 in result equal to a logical one). 







o2 
(Internal) 


Manufacturing 
Mask 
Options 


Write 


ZERO (Z) — Used to indicate that the result of the last 
arithmetic, logical, or data manipulation was zero. 


CARRY/BORROW (C) — Used to indicate that a carry or 
borrow out of the arithmetic logic unit (ALU) occurred dur- 
ing the last arithmetic operation. This bit is also affected dur- 
ing bit test and branch instructions plus shifts and rotates. 


TIMER 

The EF6805P6 MCU timer circuitry is shown in Figure 8. 
The 8-bit counter may be loaded under program control and 
is decremented toward zero by the clock input (prescaler 
output). When the timer reaches zero, the timer interrupt re- 
quest bit (bit 7) in the timer control register (TCR) is set. The 
timer interrupt can be masked (disabled) by setting the timer 
interrupt mask bit (bit 6) in the TCR. The interrupt bit (I bit) in 
the condition code register also prevents a timer interrupt 
from being, processed. The MCU responds to this interrupt 
by saving the present CPU state on the stack, fetching the 
timer interrupt vector from locations $7F8 and $7F9, and ex- 
ecuting the interrupt routine; see the Interrupts section. THE 
TIMER INTERRUPT REQUEST BIT MUST BE CLEARED BY 
SOFTWARE. 


The clock input to the timer can be from an external 
source (decrementing of timer counter occurs ona positive 
transition of the external source) applied to the TIMER 
input pin or it can be the internal @2 signal. Three machine 
cycles are required for a change in state of the TIMER pin 
to decrement the timer prescaler. The maximum fre- 
eed of a signal that can be recognized by the TIMER or 

pin logic is dependent on the parameter labeled tw, 
twu. The pin logic that recognizes the high (or low) state 
on the pin must also recognize the low state on the pin in 
order to “re-arm” the internal logic. Therefore, the period 
can be calculated as follows: (assumes 50/50 duty cycle 
for a given period) . 


teyc X 2+ 250 ns=period= aE 

freq 
The period is not simply twL + twu. This computation is 
allowable, but it does reduce the maximum allowable fre- 
quency by defining an unnecessarily longer period (250 ns 

twice). 

When the ¢2 signal is used as the source, it can be gated 
by an input applied to the TIMER input pin allowing the user 
to easily perform pulse-width measurements. (NOTE: For 













Timer 
Interrupt 


Mask (TIM) 
Not Used 


bO 


Timer Control Register (TCR) 


Read 


Write Read 


Internal Data Bus 


FIGURE 8 — TIMER BLOCK DIAGRAM 
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ungated $2 clock inputs to the timer prescaler, the TIMER 
pin should be tied to Vcc.) The source of the clock input is 
one of the mask options that is specified before manufacture 
of the MCU. 

A prescaler option can be applied to the clock input that 
extends the timing interval up to a maximum of 128 counts 
before decrementing the counter. This prescaling mask 
option is also specified before manufacture. To avoid trun- 
cation errors, the prescaler is cleared when bit 3 of the 
timer counter register is written to a logic one. (This bit 
always needs a logic 0). 

The timer continues to count past zero, falling from $00 
toSFF and then continuing the countdown. Thus, the coun- 
ter can be read at any time by reading the timer data 
register (TDR). This allows a program to determine the 
length of time since a timer interrupt has occurred without 
disturbing the counting process. 

At power-up or reset, the prescaler and counter are 
initialized with all logical ones, the timer interrupt request 
bit (bit 7) is cleared and the timer interrupt mask bit (bit 6) 
is set. 


SELF-CHECK 


The self check capability of the E F6805P6 MCU provides 
an internal check to determine if the part is functional. Con- 
nect the MCU as shown in Figure 9 and monitor the output 
of port C bit 3 for an oscillation of approximately 7 Hz. A 
10 volt level on the TIMER input, pin 7, energizes the ROM- 
based self-check feature. The self-check program exercises 
the RAM, ROM, TIMER, interrupts, and I/O ports. 





EF6805P6 





Vcc=Pin 3 
Vss=Pin1 
*This connection depends on the clock oscillator user selectable mask option. 
Use crystal if that option is selected. 





RESETS 


The MCU can be reset three ways: by initial power-up, by 
the external reset input (RESET) and by optional, internal, 
low-voltage detect circuits. The RESET input consists 
mainly of a Schmitt trigger that senses the RESET line 
logic level. Atypical reset Schmitt trigger hysteresis curve 
is shown in Figure 11. The Schmitt trigger provides an 
internal reset voltage if it senses a logical zero on the 
RESET pin. 


POWER-ON RESET (POR) 


An internal reset is generated upon power-up that allows 
the internal clock generator to stabilize. A oon of tRHL 
milliseconds is required before allowings the RE input 
to go high. See the power and reset timing diagram (see 
Figure 10). Connecting a capacitor to the RESET input 
(see Figure 12) typically provides sufficient delay. During 
power-up, the Schmitt trigger switches on (removes 
reset) when RESET rise to Vipgs?. 


EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcyc). Under this type of reset, the Schmitt trigger 
switches off are ViRnEs- to provide an internal reset volt- 
age. 


LOW VOLTAGE INHIBIT (LVI) 

The optional low-voltage detection circuit causes areset 
of the MCU if the power supply voltage falls below a 
certain level (Vi yj). The only requirement is that the Vcc 
must remain at or below the Vi yj threshold for one teyc 
minimum. 


Self-Check Error Patterns 








PCO 


NOTE 
When PC1 or PCO is 0, the LED is on. 


eo Oe 
ae 
aie 
am 





All 4 LEDs Flashing 


FIGURE 9 — SELF-CHECK CONNECTIONS 
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In typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less thanone 
tcyc. The output from the low-voltage detector is con- 
nected directly to the internal reset circuitry. It also forces 
the RESET pin lowvia a strong discharge device through a 
resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (Vi vp) at 
which time a normal power-one reset occurs. 


INTERNAL CLOCK GENERATORS OPTIONS 


The internal clock generator circuit is designed to 
require a minimum of external components. A crystal, a 
resistor, a jumper wire, or an external signal may be used 
to generate a system clock with various stability/cost 
tradeoffs. 

A manufacturing mask option is used to select crystal or 
resistor operation. 


The different connection methods are shown in Fig- 
ure 13. Crystal specifications and suggested PC board 
layouts are given in Figure 14. Aresistor selection graph 
is given in Figure 15. 


Vcc 


RESET 
Pin 


Internal 
Reset 


The crystal oscillator start-up time is a function of many 
variables: crystal parameters (especially Rs, oscillator 
load capacitances, IC parameters, ambient temperature, 
supply voltage and supply voltage turn-on time). To 
ensure rapid oscillator start-up, neither the crystal char- 
acteristics nor the load capacitances should exceed 
recommendations. 

When utilizing the on-board oscillator, the MCU should 
remain in the reset condition (RESET pin voltage below 
VIRES+*) until the oscillator has stabilized at its operating 
frequency. Several factors are involved in calculating cur- 
rent specifications. 

One Vcc minimum is reached, the external RESET 
capacitor will begin to charge at a rate dependent on the 
capacitor value. The charging current is supplied from 
Vcc through a large resistor, so it functions almost like a 
constant current source until the reset voltages rises 
above VipES+. Therefore, the RESET pin will charge a 
approximately 





(VIRES*) . Cext =IRES - tRHL 


“Dip” 
in Power 





FIGURE 10 — POWER AND RESET TIMING 


Out 
Of 
Reset 


In 
Reset 
0.8 V 


2V 4V 


FIGURE 11 — TYPICAL RESET SCHMITT 
TRIGGER HYSTERESIS 
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Part Of 
EF6805P6 
MCU 






FIGURE 12 — POWER-UP RESET DELAY CIRCUIT 
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EF6805P6 

EXTAL MCU 
(Resistor Mask 

Option) 





EF6805P6 

EXTAL MCU 
(Crystal Mask 

Option) 





(See Note) Cl) , 














Approximately 25% to 50% Accuracy 
Typical tcyc= 1.25 BS 
External Jumper 


Crystal 







5 | XTAL 
EF6805P6 
EXTAL MCU 


R 
(See Figure 16) 





EF6805P6 






External —— 4 






4 | EXTAL MCU : 
Clock R t Mask 
Input (Crystal Mask No ( Daten 
Option) Connection 
External Clock Approximately 10% to 25% Accuracy 


External Resistor 
(Excludes Resistor Tolerence) 


NOTE: The recommended C,_ value with a 4.0 MHz crystal is 27 pF, maximum, including system distributed capacitance. There is an internal 
Capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz; the total capacitance on each pin 
should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on EXTAL and 
approximately 25 pF on XTAL. The exact value depends on the Motional-Arm parameters of the crystal used. 


FIGURE 13 — CLOCK GENERATOR OPTIONS 


(a) 
Crystal Parameters 


Cy 
AT — Cut Paraliel Resonance Crystal 
Co=7 pF Max. 
EXTAL Ly Rs XTAL Freq. = 4.0 MHz @ C, = 24 pF 
4 Co 5 Rs =50 ohms Max. 


Piezoelectric ceramic resonators which have the equi- 
valent specifications may be use instead of crystal oscilla- 
tors. Follow ceramic resonator manufacturer's sugges- 
tions for Co, C1 and Rg values. 


(b) (c) 





NOTE: Keep crystal leads and circuit 
connections as short as possible. 





FIGURE 14 — CRYSTAL MOTIONAL ARM PARAMETERS 
AND SUGGESTED PC BOARD LAYOUT 
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8.0 
7.0 
6.0 
5.0 
4.0 
3.0 


2.0 


Oscillator Frequency (MHz) 


1.0 


0 10 20 30 


40 
Resistance (kf) 


aaa a a A EE IE EE EE I LoS TE I STITT ELE TITTLE TT ICE EE Fe CEE TE ETE LIE IR LIE ELLE LT MED LE EET OIE TA CEE ESL EE ES EOE REED 


FIGURE 15 — TYPICAL FREQUENCY SELECTION FOR 
RESISTOR OSCILLATOR OPTION 


INTERRUPTS 


The EF6805P6 MCU can be interrupted three different 
ways: through the external interrupt (INT) input pin, the in- 
ternal timer interrupt request, or the software interrupt 
instruction (SW1). When any interrupt occurs, the current 
instruction (including SW1) is completed, processing is 
suspended, the present CPU state is pushed onto the 
stack, the interrupt bit (I) in the condition code register is 
set, the address of the interrupt routine is obtained from 
the appropriate interrupt vector address andthe interrupt 
routine is executed. Stacking the CPU registers, setting 
the I bit, and vector fetching requires a total of 11 teyc 
periods for completion. 

A flowchart of the interrupt sequence is shown in 
Figure 16. The interrupt service routine must end with a 
return from interrupt (RTI) instruction which allows the MCU 
to resume processing of the program prior to the interrupt 
(by unstacking the previous CPU state). Unlike RESET, 
hardware interrupts do not cause the current instruction ex- 
ecution to be halted, but are considered pending until the 
current instruction execution is complete. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts and if unmasked, 
proceeds with interrupt processing; otherwise, the next in- 
struction is fetched and executed. Note that masked inter- 
rupts are latched for later interrupt service. 

If both an external interrupt and a timer interrupt are pend- 
ing at the end of an instruction execution, the external inter- 
rupt is serviced first. The SWI is executed as any other in- 
Struction. 

The external interrupt is internally synchronized and then 
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latched on the falling edge of INT. A sinusoidal input 
signal (f},y77 Maximum) can be used to generate an exter- 
nal interrupt, as shown in Figure 17(a), for use as a zero- 
crossing detector (for negative transitions of the ac sinu- 
soid). This allows applications such as servicing time-of- 
day routines and engaging/disengaging ac power control 
devices. Off-chip full-wave rectification provides an inter- 
rupt at every zero-crossing of the ac signal and thereby 
provides a 2f clock. 


For digital applications, the INT pin can be driven by a 
digital signal. The maximum frequency of a signal that can 
be recognized by the TIMER or INT pin logic is dependent 
on the parameter labeled ty, tyyy. The pin logic that 
recognizes the high (or low) state on the pin must also 
recognize the low (or high) state on the pin in order to 
“rearm” the internal logic. Therefore, the period can be 
calculated as follows: (assumes 50/50 duty cycle for a 
given period) 


1 
toycX2 + 250 ns =period =—— 
freq 
The period is not simply tyy, + ty. This computation is 
allowable, but it does reduce the maximum allowable 
frequency by defining an unnecessarily longer period 
(250 ns twice). See Figure 17(b). 

A software interrupt (SWI) is an executable instruction 
which is executed regardless of the state of the | bit in the 
condition code register. Note that if the | bit is zero, SWI 
executes after the other interrupts. SWls are usually used 
as break-points for debugging or as system calls. 





EF6805P6 





Set 






11 (in CCR) Clear 












O7F—— SP 
0—DDRs Clear — Stack 
CLR INT Logic x INT INT PC, X, A, CC 

FF-—Timer Request 
7F —Prescaler Latch 





7F=TCR 










Load PC From: 
SWI: 7FC/7FD 
INT: 7FA/7FB 
TIMER: 7F8 /7F9 





Put 7FE on 
Address Bus 






Instruction 


RESET 
Pin= Low 





7FE/7FF 


Execute All 
Instruction 
Cycles 





FIGURE 16 — RESET AND INTERRUPT PROCESSING FLOWCHART 


(a) Zero-Crossing Interrupt (b) Digital-Signal Interrupt 









Vcc 
ac Input (Current TTL 4.7k 
(fit Max.) — Limiting) EF6805P6 Level EF6805P6 
R<1m2 MCU Digital MCU 
ac Input > R Input 
10 Vac p-p 0.1-1.0 
N BF 


z LU 


FIGURE 17 — TYPICAL INTERRUPT CIRCUITS 
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INPUT/OUTPUT 


There are 20 input/output pins. The INT pin may also be 
polled with branch instructions to provide an additional input 
pin. All pins (port A, B, and C) are programmable as either 
inputs or outputs under software control of the corres- 
ponding write-only data direction register (DDR). The port 
1/0 programming is accomplished by writing the corres- 
ponding bit in the port DDR to a logic ‘'1"’ for output or a 
logic '’O”' for input. On reset, all the DDRs are initialized to 
a logic O”’ state to put the ports in the input mode. To avoid 
undefined levels, the port output registers are not initial- 
ized on reset, but may be written before setting the DDR 
bits. When programmed as outputs, the latched output 
data is readable as input data.regardless of the logic levels 
at the output pin due to output loading; see Figure 18.When 
port B is programmed for outputs, it is capable of sinking 10 
mA and sourcing 1 mA on each pin. 

All input/output lines are TTL compatible as both inputs 
and outputs. Ports B and C are CMOS compatible as inputs. 

Port A may be made CMOS compatible as outputs with a 
mask option. The address map in Figure 5 gives the address 
















Data 
Direction Register 
Bit 


Latched 
Output 
Data 
Bit 


Internal 
Connections 


Data 
Direction Output 
Register Data 
Bit Bit 


* DDR is a write-only register and reads as all “1s”. 





of data registers and DDRs. The register configuration is pro- 
vided in Figure 19 and Figure 20 provides some examples of 
port connections. 


Caution 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, and $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, they 
cannot be used to set or clear a DDR bit (all ‘’unaf- 
fected” bits would be set). It is recommended that all 
DDR bits in a port be written using a single-store in- 
struction. . 


The latched output data bit (see Figure 18) may always be 
written. Therefore, any write to a port writes all of its data 
bits even though the port DDR is set to input. This may be 
used to initialize the data registers and avoid undefined out- 
puts; however, care must be exercised when using read- 
modify-write instructions since the data read corresponds to 
the pin level if the DDR is an input (‘'0"’) and corresponds to 
the latched output data when. the DDR is an output ("1"). 


Latched 
Output 
State 





** Ports A (with CMOS drive disabled), B, and C are three state ports. Port A has optional internal pullup devices 
to provide CMOS drive capability. See Electrical Characteristics tables for complete information. 


FIGURE 18 — TYPICAL PORT 1/0 CIRCUITRY 
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; PORT DATA REGISTER F : PORT DATA DIRECTION REGISTER (DDR) 0 
Port A Addr = $000 (1) Write Only; reads as all ‘'1s’’ 
Port B Addr= $001 (2) 1=Output; O= Input. Cleared to O by reset. 
Port C Addr = $002 (Bits O—~3) (3) Port A Addr= $004 
Port B Addr= $005 
Port G Addr = $006 (Bits 0-3) 
TIMER CONTROL REGISTER (TCR) TIMER DATA REGISTER (TDR) 


7 6 5 4 3 2 1 0 pee tere ks 
PE a Et Ft ft J 500 MsB ee 


TCR7-— Timer Interrupt Status Bit: Set when TOR goes 
to zero; must be cleared by software. Cleared to 
O by reset. 
TCR6 Bit 6— Timer Interrupt Mask Bit: 1= timer inter- 
rupt masked (disabled). Set to 1 by reset. 
TCR Bits 5, 4, 3, 2, 1, 0 read as ‘‘1s’’ — unused bits. 


FIGURE 19 — MCU REGISTER CONFIGURATION 


PA7 (CMOS Loads) 
PA6 

PAS 

PA4 (1 TTL Load) 


PA3 


PAI 
PAO 





Port A, bit 7, programmed as output 
driving CMOS loads and bit 4 driving one TTL Port B, bit 5 programmed as output, driving 
load directly using CMOS output option. Darlington-base directly. 





CMOS 
Inverters 
MC14049/ MC 14069 

(Typical) 
Port B, bit 0 and bit 1 programmed as output, Port C, bits 0-3 programmed as output, driving 
driving LEDs directly. CMOS loads, using external pullup resistors. 

FIGURE 20 (a) — TYPICAL OUTPUT MODE PORT CONNECTIONS 
13/24 
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PA7 i PB7 

PAG : PB6 

PAS SN74LS04 * PBS 

SN74LS04 PA4 a ; PB4 
(Typical) PAS MC14069$ PB3 
aS (Typical) : pB2 

PAI 7 PBI 

PAO i PBO 











MC14069 
(Typical) 


SN74LS04 
(Typical) 





CMOS or TTL driving port B directly. 


CMOS and TTL driving port C directly. 


FIGURE 20 (b) — TYPICAL INPUT MODE PORT CONNECTIONS 


SOFTWARE 


BIT MANIPULATION 


The EF6805P6 MCU has the ability to set or clear any 
single random access memory or input/output bit (except 
the data direction register, see Caution below), with a 
Single instruction (BSET, BCLR). Any bit in page zero 
including ROM, except the DDRs, can be tested, using the 
BRSET and BRCLR instructions, andthe program branches 
as a result of its state. The carry bit equals the value of the 
bit referenced by BRSET or BRCLR. A rotate instruction 
may then be used to accumulate serial input data ina RAM 
location or register. The capability to work with any bit in 
RAM, ROM, or !/O allows the user to have individual flags 
in RAM or to handle I/O bits as control lines. 

The coding example in Figure .21 illustrates the useful- 
ness of the bit manipulation and test instructions. Assume that 
the MCU is to communicate with an external serial device. 





The external device has a data ready signal. a data output 
line, and a clock line to clock data one bit at a time, LSB first, 
out of the device. The MCU waits until the data is ready, 
clocks the-external device, picks up the data in the carry flag 
(C bit), clears the Clock line, and finally accumulates the data 
bit in a RAM location. 


Caution 

The corresponding DORs for ports A, B, and C are 
write-only registers (registers at $004, $005, and $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, they 
cannot be used to set or clear a DDR bit (all ‘“unaf- 
fected" bits would be set). It is recommended that all 
DDR bits in a port be written using a single-store in- 
‘struction. 


SELF BRSET 2, PORTA, SELF 
Serial 7 
Device : 
BSET 1, PORTA 
BRCLR O, PORTA, CONT 
CONT BCLR 1, PORTA 
ASR RAMLOC 
FIGURE 21 — BIT MANIPULATION EXAMPLE 
14/24 THOMSON SEMICONDUCTEURS 





2-262 








EF6805P6 


ADDRESSING MODES 


The EF6805PF MCU has 10 addressing modes which are 
explained briefly inthe following paragraphs. For additional 
details and graphical illustrations, refer to the 6805 Family 

User's Manual. 

The term “effective address’ (EA) is used in describing the 
address modes. EA is defined as the address from which the 
argument for an instruction is fetched or stored. 


IMMEDIATE — In the immediate addressing mode, the 
operand is contained in the byte immediately following the 
opcode. The immediate addressing mode is used to access 
constants which do not change during program execution 
(e.g., a constant used to initialize a loop counter). 


DIRECT — In the direct addressing mode, the effective ad- 
dress of the argument is contained in a single byte following 
the opcode byte. Direct addressing allows the user to direct- 
ly address the lowest 256 bytes in memory with a single 
2-byte instruction. This includes the on-chip RAM and 1/O 
registers and 128 bytes of ROM. Direct addressing is an ef- 
fective use of both memory and time. 


EXTENDED — In the extended addressing mode, the ef- 
fective address of the argument is contained in the two bytes 
following the opcode. Instructions using extended address- 
ing are capable of referencing arguments anywhere in 
memory with a single 3-byte instruction. When using the 
Motorola assembler, the programmer need not specify 
whether an instruction uses direct or extended addressing. 
The assembler automatically selects the shortest form of the 
instruction. 


RELATIVE — The relative addressing mode is only used in 
branch instructions. In relative addressing, the contents of 
the 8-bit signed byte following the opcode (the offset) is add- 
ed to the PC if and only if the branch condition is true. Other- 
wise, control proceeds to the next instruction. The span of 
relative addressing is from — 126 to + 129 from the opcode 
address. The programmer need not worry about calculating 
the correct offset when using the Motorola assembler since 
it calculates the proper offset and checks to see if it is within 
the span of the branch. 


INDEXED, NO OFFSET — In the indexed, no offset ad- 
dressing mode, the effective address of the argument is con- 
tained in the 8-bit index register. Thus, this addressing mode 
can access the first 256 memory locations. These instruc- 
tions are only one byte long. This mode is often used to 
move a pointer through a table or to hold the address of a 
frequently referenced RAM or 1/0 location. 


INDEXED, 8-BIT OFFSET — In the indexed, 8-bit offset 
addressing mode, the effective address is the sum of the 
contents of the unsigned 8-bit index register and the unsign- 
ed byte following the opcode. This addressing mode is 
useful in selecting the kth element in an n element table. 
With this 2-byte instruction, k would typically be in X with 
the address of the beginning of the table in the instruction. 
As such, tables may begin anywhere within the first 256 ad- 
dressable locations and could extend as far as location 510 
($1FE is the last location at which the instruction may begin). 





INDEXED, 16-BIT OFFSET — In the indexed, 16-bit offset 
addressing mode, the effective address is the sum of the 
contents of the unsigned 8-bit index register and the two un- 
signed bytes following the opcode. This addressing mode 
can be used in a manner similar to indexed, 8-bit offset, ex- 
cept that this 3-byte instruction allows tables to be anywhere 
in memory. As with direct and extended addressing, the 
Motorola assembler determines the shortest form of indexed 
addressing. 


BIT SET/CLEAR — In the bit set/clear addressing mode, 
the bit to be set or cleared is part of the opcode, and the byte 
following the opcode specifies the direct address of the byte 
in which the specified bit is to be set or cleared. Thus, any 
read/write bit in the first 256 locations of memory, including 
1/0, can be selectively set or cleared with a single 2-byte in- 
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struction. 


Caution 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, and $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, they 
cannot be used to set or clear a DDR bit (all ‘‘unaf- 
fected”’ bits would be set). It is recommended that all 
DDR bits in a port be written using a single-store in- 
struction. 


BIT TEST AND BRANCH — The bit test and branch ad- 
dressing mode is a combination of direct addressing and 
relative addressing. The bit and condition (set or clear) which 
is to be tested is included in the opcode, and the address of 
the byte to be tested is in the single byte immediately follow. 
ing the opcode byte. The signed relative 8-bit offset is in the 
third byte and is added to the value of the PC if the branch 
condition is true. This single 3-byte instruction allows the 
program to branch based on the condition of any readable 
bit in the first 256 locations of memory. The span of bran- 
ching is from — 125 to + 130 from the opcode address. The 
state of the tested bit is also transferred to the carry bit of the 
condition code register. 


Caution 


The corresponding DORs for ports A, B, and C are 
write-only registers (registers at $004, $005, and $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, they 
cannot be used to set or clear a DDR bit (all ‘‘unaf- 
fected’’ bits would be set). It is recommended that all 
DDR bits in a port be written using a single-store in- 
struction. 


INHERENT — In the inherent addressing mode, ail the in- 
formation necessary to execute the instruction is contained 
in the opcode. Operations specifying only the index register 
or accumulator, as well as control instruction with no other 
arguments, are included in this mode. These instructions are 
one byte long. 


INSTRUCTION SET 


The EF6805P6 MCU has a set of 59 basic instructions, 
which when combined with the 10 addressing modes pro- 


- duce 207 usable opcodes. They can be divided into five dif- 


ferent types: register/memory, read-modify-write, branch, 
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bit manipulation, and control. The following paragraphs 
briefly explain each type. All the instructions within a given 
type are presented in individual tables. 


REGISTER/MEMORY INSTRUCTIONS — Most of these 
instructions use two operands. One operand is either the ac- 
cumulator or the index register. The other operand is obtain- 
ed from memory using one of the addressing modes. The 
‘jump unconditional (JMP) and jump to subroutine (JSR) in- 
structions have no register operands. Refer to Table 1. 


READ-MODIFY-WRITE INSTRUCTIONS — These 
instructions read a memory location or a register, modify 
or test its contents, and write the modified value back to 
memory or to the register. The test for negative or zero 
(TST) instruction is included in read-modify-write instruc- 
tions through it does not perform the write. Refer to 
Table 2. . 


Caution 

The corresponding DORs for ports A, B, and C are 
write-only registers (registers at $004, $005, and $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, they 
cannot be ‘used to set or clear a DDR bit (all “unaf- 
fected” bits would be set). It is recommended that all 
DDR bits in a port be written using a single-store in- 
struction. 
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BRANCH INSTRUCTIONS — The branch instructions 
cause a branch from the program when a certain condition is 
met. Refer to Table 3. 


BIT MANIPULATION INSTRUCTIONS — These ins- 
tructions are used on any bit in the first 256 bytes of the 
memory. One group either sets or clears. The other group 
performs the bit test branch operations. Refer to Table 4. 


Caution 


The corresponding ODRs for ports A, B, and C are 
write-only registers (registers at $004, $005, and $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, they 
cannot be used to set or clear a DDR bit (all “unaf- 
fected” bits would be set). It is recommended that all 
DDR bits in a port be written using a single-store in- 
Struction. 


CONTROL INSTRUCTIONS — The control instructions 
control the MCU operations during program execution. 
Refer to Table 5. 


ALPHABETICAL LISTING — The complete instruction set 
is given in alphabetical order in Table 6. 


OPCODE MAP SUMMARY — Table 7 is an opcode map 
for the instructions used on the MCU. 





S9C-Z 


SHNALINGNODINGAS NOSWOHL 


ve/Lt 







TABLE 1 — REGISTER/MEMORY INSTRUCTIONS 


Addressing Modes 
Indexed indexed indexed 
immediate Extended (No Offset) (8-Bit Offset) (16-Bit Offset) 












Exclusive OR Memory 
with A 

Arithmetic Compare A 
with Memory 


Arithmetic Compare X 

with Memory A3 B3 ie | F3 E3 D3 
Bit Test Memory with 

A (Logical Compare) AS C5 a 


np Ueoenat_[ | — Rd a a Oe a a 
Simpesrce fF T= t=T—Tetepe pets pe pet 7 pepe ye pope pe 


[rn — | nl | Sen | Slee | She x | oe |e 
Mnemonic/| Code} Bytes Code} Bytes | Cycles | Code|Bytes Codz{Bytes| Cycles | Code|Bytes | Cycles | Code |Bytes | Cycles 
[Toad AtromMemoy | OA | Abt 2] 2 | ee] 2 | « [co] s | 5 [refs | « | es}? | 5 | oo] 3 | 
SET CL 
seal = Pere sherpa ie pei | shee, es) 6 ori an a 
[Store xin Memoy | stX | -|-| - |erl2| 5s |col3 | 6 |[mr{[:|s |[erj[2|].6 [ols] 
|Add MemorytoA | ADD | AB] 2 | 2 | spi 2 | 4 {ce} 3] 5 | ret 1 | 4 fee} 2 | 5 | oe] 3 | 
Add Memory and 
ne noc_|oo|2| 2 [ool 2 | «|eofs|s |olr| + lele | s lols | | 
Subtract Memory _ | _suB_ | ao] 2 [ 2 | eof 2 | 4 | col 3 | 5 {rots | 4 Jeo] 2 | 5 [ool 3 | 
ed PP 
A with Borrow SBC A2 2 2 B2 2 C2 3 5 F2 E2 2 D2 3 
AND Memory to A raa{ 2 [2 }eet2]« [cats | 5 [ret1] « [est2? | s jor] 3 
OR Memory with A ORA RS ert a EE 7-0 (Ee 








TABLE 2 — READ-MODIFY-WRITE INSTRUCTIONS 







Addressing Modes 


Indexed Indexed 
os — eer (X) we aa (8 Bit et 
Op Op Op Op Op 
nee ae ved ove ea svn cv aa pus ves ec Scie ecciel Code Seras evcias 

















Ei Rom es ee ee 
Ce Se 8 CG el 






[Clear CT CLR papa SF eta tee Pee Pee ee 
[complement | com | a3} 1 | SE DS 


Negate 
(2's Complement) 7 


ovate tar Thr caryt ROL [a ae 
Raaekgr Toston] poe Lae TT a ep ee ep ee pe 
logical Sritten | isc aet 1] « | se{1] 4 |al2]e|vl1y].6|el2|7_ 
GT LL 


Arithmetic Shift Right oh Be 67 iene 


Test for Negative 
or Zero 70 
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TABLE 3 — BRANCH INSTRUCTIONS 


Relative Addressing Mode 


Op # # 
Code Bytes | Cycles 





Branch Always 

Branch Never 

Branch IFFHigher 
BranchifF Lower or Same 
Branch IFFCarry Clear 


| BRN 
| BH 
| BLS 
(BranchlF FHigher or Same) | (BHS) | 
| _Bcs | 
| BEQ 
| BHCC 





Branch IFFCarry Set 


BLS | 23 
acc | _24_| 
BCS [25 
(Branch IFF Lower) (BLO) | 25 | 
BranchiFF Not Equal | BNE | 26 | 
BranchIFF Equal ar ae 
Branch IFF Half Carry Clear] BHCC | 28 | 
BranchIFFHalf Carry Set | BHCS | 29 | 
BranchiFF Plus BPL 
BranchliFF Minus 
BranchIFFInterupt Mask 
MC 
MS 
Bit 
BSR 


Bit is Clear 


BranchliFF Interrupt Mask 
Bit is Set B 


BranchiFF interrupt Line 
is Low 

BranchiFFinterrupt Line 
is High 

Branch to Subroutine 









2 
2 
2 
2 
2 
2 
2 
2 


22 
23 
25 
27 
28 
29 
2B 
2C 
2D 
2E 
2F 

D 





ae ee 





Addressing Modes 


Bit S ear Bit Test and Branch 
Op # # Op . # # 
Code Bytes} Cycles} Code Bytes| Cycles 


as ee ee 
| eee 
a ae 
ee 










@ 
-~ 
“\ 
© 







BSETn(n=0. 7) [10+2en[ 2 


Taranch FF Bi nie clear | BRCLRn(n=0 7 — | —_| 
H [oreen fp 2 [7 
a 7 








ee 
Set Interrupt Mask Bn | SEI 
<f_cu | 

: 

[an 












A 


# 
Cycles 
2 


R 
[Reset Stack Pomter_[ ASP 
[No-Operation | NOP 


x 

A 
EC 
LC 
CLI 
Wi 
TS 
Tl 


| 2 
| 2 
| 2 
are 
Een 
EEO 
eee 
ae 
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TABLE 6 — INSTRUCTION SET 





Condition Code 


“” 
® 
a) 
CS) 
= 
D 
e 
a 
a 
ry 
~ 
5] 
as) 
< 









| of<|<lo]<|<]o|e[o}o} e]o]e} elo /elole|elo/e|e je}elole|<|<|ole}o}e[o|<|-|<|e|elole|e jole|<|<{<lele {cle 


| Ni<|<|<|<|</e|ele/elelele/ejele|<jelelelelelejelelelelelelelele|—|<|<|<|<|<|</ele|<|<|<|<|</e|<|<|e| 
| 2{<{<t<{<{<{efeleletelefetelelel<felefotele lelelelefelelelelelefol<{< lle l<{<[ele {<{</k[ol<fel<{k[e| 
[=e le jeleolelelolelelelelelelelolelelelelelelelelelelelelelelelolelelelelelelelelelelelelelelelelele! 
| = |<|<[elelelelojele]elele| ele jejeje le lelele jo le jeje lee jel |olelejole |e lee le lele ele lelelelelelole| 


o 


Ci cccooeeeddacchoah 
CAULPLRPEEAEELRRRPEEEERLET RL 
AURA ERT Reed Ld BE UT ee 


rs) 3 re) TP) Wn Olwl2 ” aie - O12 |x lo la a Klola 
ran) 7) Oo O 2 ae Pe = a ja SISISISISOIE DIS lols ISIS IA IAIS xjo|n 
<q  ¢ rea] ea] co alo laiaio rsa] oO jo OJOl[OSOlOjc fa ijmlZzI5 [5 /ala{SIio Ola jx 


Bi 
& 
Branch 


Set/ | Test 


Bit 
indexed | Indexed 
(8 Bits) |(16 Bits ear 


Indexed 
Relative] (No Offset) 


Extended 


herent | Immediate 


n 





Condition Code Symbols: 


C Carry/Borrow 


H_ Half Carry (From Bit 3) 


| Interrupt Mask 


A Test and Set if True, Cleared Otherwise 


© Not Affected 


N Negative (Sign: Bit) 


Z Zero 
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TABLE 6 — INSTRUCTION SET (CONTINUED) 













Addressing Modes 


Condition Code 











Bit | Bit 

ppl ne fae 
Immediate Extended | Relative] (No Offset) | (8 Bits) |(16 Bits)|Clear | Branch Cc 

[aR Fi GREY ines age (MNS (RSet eee (NRT (ee (SANT Fe a FF 
ERTS ne ee ee ell ee ee eee ie ee [i OO Oe) e: 
SBC (eames (ME a (ERR Fae Daa a a a ee 
Scams (RE A Se (Dy (On (en Cn Re Sn ee CIO 
C5 Ra ORE SE (Re (gs ar neses aee (Ares Meee Gen ee Pee CCE 
[er le |e ee ote et hh Oe AA Se) 
STX a ee ee ee ee ee IY Ne 
ee ee ae ee ee ee Ee es es ee 

ey ee ees ee ee ee et ee OE 

(a (eae (ae | (eee en ES Ss 

PX fr AA 

a es ee ee es ee ee CIC 





Condition Code Symbols: 


H Half Carry (From Bit 3) C  Carry/Borrow 

! Interrupt Mask A Test and Set if True, Cleared Otherwise 
N Negative (Sign Bit) e Not Affected 

Z Zero ? Load CC Register From Stack 


EF6805 HMOS FAMILY 






Frecmrolow | HMOs] HMOs | HMos | AWos | HMos | HMOs | HMOs | HMOs | HMOs |_HMOS 
Number ofPie [40 | 28 | 28 [78 | «0 | «0 | 28 | «0 | «0 — 
lOnchip RAM (Byte | 240 | 6a | 112 | e4 | 6a | 112 | 6a | o@ | 112 _| 
On-chip User ROM (eyes | 4096 | 1100 1100] 1786 
fExtemalBus_____[ Yes] None | None | None | None | None | None | None | None] 
Bidirectional VOLines | 29 | 20 | 2 | 2 | 2 | 24 | | 2 | ma | 
[Unidirectional 70 Lines | None | None | None | None | inputs | Ginputs | None | Binputs | 8 input | 

other 0 Features | Timer UART | Timer | Timer | Timer [Timer A/D|Timer,A/D|Timer, PLE Timer | Timer [TT 
Exemalinterupt inputs | 3 [1 | + | 1 | 2 | 2 | 2 | 2 | 2 

STOP angwalt | No] No | No No] No] No [No fone 
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Ss Cs Bs 
vn lzm is iS 4 2 
S S = 


vZ/LZ 


TABLE 7 — EF6805 HMOS FAMILY OPCODE MAP 









Read-Modify-Write 





<on Manip lation 
| B§¢ | 


BRSETO BSETO 
CLA 


se 
we 


A 
Da! 

: 

> 

; 


z 
m 
o 


e fe. bf lo fe 
=~ 5° e% Ig = 


Srcipo 
"asen 
BRSET2 


‘BRSETA "BHCC = 7 USLA 


‘BRCLAA " BCLAS | BHCS ROL ~ ROLA 
OR INH 


a 


4 





©) 
— 
Be) 


Ps) 
oO 
rm 
x ba 








Bo & 







xT] 3 
peel ete 
IR j ss 
6 5 673: 
x ae DIR 
Oi DIR | 3 EXT] 3 IX2 1 2 IXt] 1 ix 


A BRSETS " BSETS DEC " DECA "DECK Doe DEC 
19 DIR INH INH | 2 1 IX 
} IMM DIR 3 EXT | 3 IX2 } 2 x1] 1 Ix 
INH IX maine OR | 3 EXT 3 1x2 e Xt 1 IX 1100 


‘BRCLAG BCLAG 


INH 
'BRSET7 " BSET? 


NOP rea ysR | JSR JSR JSR JSR 
INH DIR | 3 EXT {3 ix 2 1X1 1 {x 


IMM DIR } 3 EXT} 3 IX 1X1 io 


— 
” 
4 















411 3 BTB BSC REL | 2 DIR INH 1X INH DIR | 3 EXT | 3 IX2] 2 Ix! ai 
Abbreviations for Address Modes LEGEND 

INH inherent Opcode in Hexadecimal 
IMM Immediate 

DIR Direct Cyel 

EXT Extended f Of CYCIEs Opcode in Binary 
REL Relative Mnemonic 

BSC Bit Set/Clear Bytes 

BTB Bit Test and Branch 

IX Indexed (No Offset) Address Mode 
1X1 Indexed, 1 Byte (8-Bit) Offset 

IX2 Indexed, 2 Byte (16-Bit) Offset 
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PHYSICAL DIMENSIONS 


CB-132 


(1) Nominal dimension 
(2) True geometrical position 





8. P SUFFIX 
pins 


PLASTIC PACKAGE 
y 





CB-520 


Pin 1} identification 
£4 


FN SUFFIX 


PCO f EF6805P6 


MO-047-AB 
JEDEC 
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ORDERING INFORMATION 


The information required when ordering acustom MCU 
is listed below. The ROM program may be transmitted to 
THOMSON SEMICONDUCTEURS on EPROM(s) or an 
EFDOS/MDOS* disk file. 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact your local THOMSON SEMICONDUC- 
TEURS representative or distributor. 


EPROMs 


Two 2716 or one’ 2732 type EPROMs, program- 
med with the customer program (positive logic sense for 
address and data), may be submitted for pattern generation. 
The EPROM must be clearly marked to indicate which 
EPROM corresponds to which address space. The recom- 
mended marking procedure is illustrated below : 


080 800 


XXX = Customer ID 


After the EPROM(s) are marked, they should be placed in 
conductive IC carriers and securely packed. Do not use 
styrofoam. 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are fil- 
ed for contractual purposes and are not returned. A com- 
puter listing of the ROM code will be generated and returned 
along with a listing verification form. The listing should be 
thoroughly checked and the verification form completed, 
signed, and returned to THOMSON SEMICONDUC- 
TEURS. The signed verification form constitutes the 


contractual agreement for creation of the customer mask. 
If desired, THOMSON SEMICONDUCTEURS will pro- 
gram on blank EPROM from the data file used to create 
the custom mask and aid in the verification process. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern will be 
sent for program verification. These units will have been 


‘made using the custom mask but are for the purpose of 


ROM verification only. For expediency they are usually un- 
marked, packaged in ceramic, and tested only at room 
temperature and 5 volts. These RVUs are included in the 
mask charge and are not production parts. The RVUs are 
thus not guaranteed by THOMSON SEMICONDUC- 
TEURS. Quality Assurance, and should be discarded 
after verification is completed. 


FLEXIBLE DISKS 


The disk media submitted must be single-sided, EF DOS/ 
MDOS* compatible floppies. 

The customer must write the binary file name and compa- 
ny name on the disk with a felt-tip-pen. The minimum 
EFDOS/MDOS* system files, as well as the absolute 
binary object file (Filename .LO type of file) from the 
6805 cross assembler, must be on the disk. An object file 
made from a memory dump using the ROLLOUT com- 
mand is also acceptable. Consider submitting a source 
listing as well as the following files : filename .LX (DEVI- 
CE/EXORciser loadable format) and filename .SA (ASCII 
Source Cade). These files will of course be kept confiden- 
tial and are used 1) to speed up the process in-house if any 
problems arise, and 2) to speed up the user-to-factory 
interface if the user finds any software errors and needs 
assistance quickly from THOMSON SEMICONDUC- 
TEURS factory representatives. 

EFDOS is THOMSON SEMICONDUCTEURS'’ Disk 
Operating System available on development systems 
such as DEVICE... 

MDOS* is MOT OROLA'‘s Disk Operating System available 
on development systems such as E XORciser.,... 


*Requires prior factory approval. 





Whenever ordering a custom MCU is required, please contact your local THOMSON SEMICONDUCTEURS representa- 
tive or THOMSON SEMICONDUCTEURS distributor and/or complete and send the attached ‘‘MCU customer ordering 
sheet” to your local THOMSON SEMICONDUCTEURS representative. 


£ XORciser is a registered trademark of MOTOROLA Inc. 
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ORDERING INFORMATION 


Device Screening level 


Package Oper. temp. 
The table below horizontally shows all available suffix combinations for package, operating temperature and screening 
level. Other possibilities on request. : 


EF6805P6 (2.0 MHz)** 


Examples : EF6805P6P, EFG805P6FN, EF6805P6PLD, EF6805P6FNLD 


Package: C: Ceramic DIL, P: Plastic DIL, FN: PLCC. 

Oper. temp.: L*: 0°C to + 70°C, V: -40°C to + 85°C, T: -40°C to + 105°C, *: may be omitted. 
Screening level: Std: (no-end suffix), D: NFC 96883 level D. 

**: Requires prior factory approval. 





These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different products. 


Printed in France 


Ref.DSEF6805P6 
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COMPONENTS | EF6805R2 
_f QQ rrr ve 
__"@_ Ee 





ADVANCE INFORMATION 

































The EF6805R2 Microcomputer Unit (MCU) is a member of the 6805 
Family of low-cost single-chip Microcomputers. The 8-bit microcomputer 
contains a CPU, on-chip CLOCK, ROM, RAM, 1/0, 4-channel 8-bit A/D, 
and TIMER. It is designed for the user who needs an economical micro- 
computer with the proven capabilities of the 6800-based instruction set. 
A comparison of the key features of several members of the 6805 Family 
of Microcomputers is shown at this end of this data sheet. The following 
are some of the hardware and software highlights of the EF6805R2 MCU. 


HARDWARE FEATURES 
@ A/D Converter 
8-Bit Conversion, Monotonic 
4 Multiplexed Analog Inputs 
Ratiometric Conversion 
@ 32 TTL/CMOS Compatible !/O Lines 
24 Bidirectional (8 Lines are LED Compatible) 
8 Input-Only 
@ 2048 Bytes of User ROM 
@ 64 Bytes of RAM 
@ Self-Check Mode. 
e 
e 


P SUFFIX 
PLASTIC PACKAGE 


Zero-Crossing Detect/Interrupt 


Internal 8-Bit Timer with 7-Bit Mask Programmable Prescaler 
and Clock Source 
5 V Single Supply 


SOFTWARE FEATURES 
@ 10 Powerful Addressing Modes 


@ Byte Efficient Instruction Set with True Bit Manipulation, Bit Test, 
and Branch Instructions 


Single Instruction Memory Examine/ Change 
Powerful Indexed Addressing for Tables 

Full Set of Conditional Branches 

Memory Usable as Register/Flags 

Complete Development System Support on DEV ic 









USER SELECTABLE OPTIONS 
@ Internal 8-Bit Timer with Selectable Clock Source (External Timer 

Input or Internal Machine Clock) 

Timer Prescaler Option (7 Bits, 2) 

8 Bidirectional |/O Lines with TTL or TTL/CMOS Interface Option 

8 Bidirectional I/O Lines with TTL or Open-Drain Interface Option 

Crystal or Low-Cost Resistor Oscillator Option 

Low Voltage Inhibit Option 


Vectored Interrupts: Timer, Software, and External 
User Callable Self-Check Subroutines 













241] PDO/ ANO 
PD6/INT2 18 23{] PD1/AN1 
PDS5/VaHf19 Ty PD2/AN2 
PD4/VR_ TJ 20 211] PD3/AN3 





DEVICE® is THOMSON SEMICONDUCTEURS’ development/emulation tool. 
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Timer/ 
TIMER Prescaler Counter 
7 8 
PAO 
PAI 
Port pA2 Port | Data 
A PAS A Dir 
VO pag Reg | Reg 
lines PAs 
PA6 
PA7 
PBO 
‘5 PB1 
ort pBg2 Port Data 
he ae B Dir 
Lines pps Reg neo 
PB6 
PB7 


2048 x 8 
User ROM 
192 x8 
Self-Check ROM 






Accumulator 










Register 
Condition 


Register 


Program 
Counter 









Program 
Counter 


EF6805R2 


XTAL EXTAL RESET INT 


Oscillator 


A 


Index 


Code 


Stack 
Pointer 


High 


Low PCL 


=z} Mux 
>> 
e PDO/ANO 
PT PDI/ANT 
PT PD2/AN2 Port 
PTT POS/ANS D 
Ponce ee ee 


64x 8 
RAM 


PD5/VaH Lines 


Suman 
PD6/INT2 
Port D 
Input 
PCO 
PC1 
Data Port PC2 Port 
Pc3. OC 
Dir C 1/0 
Reg Reg PCc4 
PC5 Lines 
PC6 
PC7 


FIGURE 1 — EF6805R2 HMOS MICROCOMPUTER BLOCK DIAGRAM 


MAXIMUM RATING 


Rating 


Supply Voltage 


Input Voltage (Except TIMER in Self-Check 
Mode and Open-Drain Inputs) 


Input Voltage (Open-Drain Pins, TIMER Pin 
in Self-Check Mode) 


Operating Temperature Range 
V suffix 


(TL to Ty) T suffix 
Storage Temperature Range 


Junction Temperature 
Plastic Package 
PLCC 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance 
Plastic 
PLCC 
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[eens [vam] 
Vee oss 


—0.3 to + 7.0 oe 


Vcc 

Vin 

Vin 

TA mi 
—40 to + 105 


pf 


mbol 

O50 °C/W 
50 
80 


Vv 
Vv 
Cc 
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This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electrical fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. For proper operation it is 
recommended that Vin and Voyt be con- 
strained to the range Vsg S(Vjn or Voyt) S 
Vcc. Reliability of operation is enhanced if 
unused inputs except EXTAL are tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vcc). 





EF6805R2 


a TT TL ET a a a a a SS 0 re antes 


POWER CONSIDERATIONS 
The average chip-junction temperature, Tj, in °C can be obtained from: 
Ty=TAt (Ppeeya) (1) 
Where: 

Ta Ambient Temperature, °C 

6 jA = Package Thermal Resistance, Junction-to-Ambient, °C/W 

PD™PINT+PPORT 

PINT™ICC x Vcc. Watts — Chip Internal Power 

PpORT ™ Port Power Dissipation, Watts — User Determined 


For most applications PpoRT<PiNT and can be neglected. PpoRT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and Ty (if PpORT is neglected) is: 


Pp=K+(T 5+ 273°C) (2) 
Solving equations 1 and 2 for K gives: 
K = Ppe(T a + 273°C) + OB AePpZ (3) 


Where K is a Constant pertaining to the particular part. K can be determined from equation 3 by measuring PO (at equilibrium) 


fora known TA. Using this value of K the values of Pp and Ty can be obtained by solving equations (1) and (2) iteratively for any 
value of Ta. 


ELECTRICAL CHARACTERISTICS (Vcc =+5.25 Vde + 0.5 Vdc, Vgg = 0 Vde, Ta =TL to Ty Unless Otherwise Noted) 


ed 
Vv 









Input High Voltage VIH 
RESET (4.75 < Voc < 5.75) 
(Voc < 4.75) 
INT (4.75 S Vee S 5.75) 
(Vcc < 4.75) 
All Other (Except Timer) 















Input High Voltage Timer 
Timer Mode 
Self-Check Mode 


Input Low Voltage 
RESET 


INT 
All Other (Except A/D Inputs) 


RESET Hysteresis Voltages (See Figures 10,11 and 12) 
“Out of Reset” 
“Into Reset’ 


INT Zero Crossing Input Voltage, Through a Capacitor 


Power Dissipation — (No Port Loading, Vcc = 5.75 V) 













a 














input Capacitance 
EXTAL 
All Other Except Analog Inputs (See Note) 











Input Current 
TIMER (Vjn=0.4 V) 






INT (Vin= 2.4 V to Vcc) 






EXTAL (Vin= 2.4 V to Vcc - Crystal Option) 






(Vin= 0.4 V - Crystal Option) 






RESET (Vjp= 0.8 V) - External Capacitor Charging Current 


NOTE : Port D Analog Inputs, when selected, Cj,= 25 pF for the first 5 out of 30 cycles. 
* Due to internal biasing this input (when unused) floats to approximately 2.2 V. 
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SWITCHING CHARACTERISTICS (Voc =+ 5.25 Vde 0.5 Vdc, Vgg =0 Vde, Ta =TL to Ty Unless Otherwise Noted) 










ee 
Oc YO 

[Gyo Time Wesel SSSSCSCSSS*d Cty | 0s | 

INT, TNF, and TIMER Puls Width Seo InteruptSection) | WL WH | tor250| — | - | 
Lh RS BA ESC RC 
[INT Zero Grossing Detection Input Frequency _———SSSSSSS—S*dt nt 008 | Yin 
[External Cock input Duy Gye EXTAL _—=SS~C~C~—~—s Yt 
SN BT 


* See Figure 16 for typical crystal parameters 





A/D CONVERTER CHARACTERISTICS (Vcc =+ 5.25 Vdc 0.5 Vdc, Vsg =0 Vdc, Ta =TL to Ty Unless Otherwise Noted) 


Characteristic 


eek ee eae 
Conversion Range 
VRH sec 
VRL Vss 


Pete 

foe 
cries ee ee ee ae 

nce 



















A/D accuracy may decrease proportionately as 
VeH is reduced below 4.0 V. The sum of Vay and 
VRL must not exceed Vcc 


[Cenarion ined 
Monotonicity Inherent (within total error) 


ee ee 
Nao i had 





Sample/Hold Capacitance, Input | pF 


Analog Input Voltage Vv Negative transients on any analog lines (Pins 19-24) 
are not allowed at any time during conversion 


PORT ELECTRICAL CHARACTERISTICS (Vcc =+ 5.25 Vde £0.5 Vdc, Vgg = 0 Vdc, Ta =TL to Thy Unless Otherwise Noted) 


ee 


Port A with CMOS Drive Enabled 


Output High Voltage VOH Vv 
'Load= —100 wA 

















ILoad= ~10 HA 
Input Low Voltage (It gaq= —500 us max.) VIL 





High Z State Input Current (Vjn= 2.0 V to Vcc) 


High Z State Input Current (Vj,= 0.4 V) 


Output Low Voltage 
ILoad= 3.2mA 
ILoad= 10 mA (Sink) 


Output High Voltage I) o5aq= —200 uA 


Darlington Current Drive (Source) Vo= 1.5 V | lon =f 1.0 | 














Input High Voltage 






Input Low Voltage 
High 2 State Input Current 
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PORT ELECTRICAL CHARACTERISTICS (Cont‘d) 





Port C and Port A with CMOS Drive Disabled 


Input High Voltage 
input Low Voltage 
Input Leakage Current 


Output Low Voltage I g3g= 1.6 mA 


a ee ee ee 


A 
Port C (Open-Drain Option) 


eee oe er 


ViH 
ee ie ae 
LOD 


Port D (Digital Inputs Only) 


Input High Voltage 
Input Low Voltage 
Input Current * 





*PD4/VrR_ —PDS/VRH : The A/D conversion resistor (15 kQ typical) is connected internally between these two lines, impacting their use 


as digital inputs in some applications. 


Vcc =5.75V 
1N916 


or Equiv. 1.45 kQ 


40 pF 
(Total) 


1N4148 
or Equiv. 





FIGURE 2 — TTL EQUIVALENT TEST LOAD 
(PORT B) 


1N916 


or Equiv. 2.91 kQ 


1N4148 
or Equiv. 


30 pF 
(Total) 





FIGURE 4 — TTL EQUIVALENT TEST LOAD 
(PORTS A AND C) 


SIGNAL DESCRIPTION 
The input and output signals for the MCU, shown in 
Figure 1, are described in the following paragraphs. 


Vcc AND Vsgs — Power is supplied to the MCU using 
these two pins. VCC is power and VSs is the ground con- 
nection. 


INT — This pin provides the capability for asynchronously 
applying an external interrupt to the MCU. Refer to Inter- 
rupts Section for additional information. 


30 pF (Total) 


Test Point ess 





FIGURE 3 — CMOS EQUIVALENT TEST LOAD 
(PORT A) 


Vcc=5.75V 
3.34 k& 


ae 30 pF (Total) 





FIGURE 5 — OPEN - DRAIN EQUIVALENT TEST LOAD 
(PORT C) 


NUM (NOM USER MODE) - This pin is not for user 
application and must be connected to Vss. 


XTAL AND EXTAL — These pins provide control input for 
the on-chip clock oscillator circuit. A crystal, a resistor, or an 
external signal, depending on user selectable manufacturing 
mask option, can be connected to these pins to provide a 
system clock with various degrees of stability/ cost tradeoffs. 
Lead length and stray capacitance on these two pins should 
be minimized. Refer to Internal Clock Generator Options 
Section for recommendations about these inputs. 
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TIMER — The pin allows an external input to be used check ROM bytes, 64 user RAM bytes, 7 port I/O bytes, 2 





to control the internal timer circuitry and also to initiate timer registers. 2 A/D registers, and a miscellaneous 
the self test program. Refer to Timer Section for additional register; see Figure 6 for the Address map. The user ROM 
information about the timer circuitry. has been split into three areas. The main user ROM area 
is from $080 to $OFF and from $7CO to $F37. The last 8 
RESET — This pin allows resetting of the MCU at times user ROM locations at the bottom of memory are for the 
other than the automatic resetting capability already in the interrupt vectors. 
MCU. The MCU can be reset by pulling RESET low. Refer to The MCU reserves the first 16 memory locations for I/O 
Resets Section for additional information. features, of which 12 have been implemented. These loca- 


tions are used for the ports, the port DORs, the timer, the 
INT2 miscellaneous register, and the A/D. Of the 64 RAM 
bytes, 31 bytes are shared with the stack area. The stack 
must be used with care when data shares the stack area. 


INPUT/OUTPUT LINES (PAO-PA7, PB0O-PB7, PCO-PC7, 
PDO-PD7) — These 32 lines are arranged into four 8-bit ports 
(A, B, C, and D). Ports A, B, ue C are progrorunebin a 
either inputs or outputs under software control of the da- : 
ta direction registers (DDR). Port D has up to four analog _ The shared stack area is used during the processing of an 
inputs, plus two voltage reference inputs when the A/D interrupt or subroutine calls to save the contents of the CPU 
converter is used (PD5/VRu, PD4/VR_L), and an TNT2 in- State. The register contents are pushed onto the stack in the 
put, and from one to eight digital inputs. If any analog order shown in Figure 7. Since the stack pointer decrements 
input is used, then the voltage reference pins (PD5/VRuH, during pushes, the low order byte (PCL) of the program 
PD4/Vr_z_) must be used in the analog mode. Refer to counter is stacked first, then the high order four bits (PCH) 
Input/Output Section, A/D Converter Section, and Inter- are stacked. This ensures that the program counter is loaded 
rupts Section for additional information. correctly during pulls from the stack since the stack pointer 

increments when it pulls data from the stack. A subroutine 

MEMORY — The MCU is capable of addressing 4096 call results in only the program counter (PCL, PCH) contents 
bytes of memory and I/O registers with its program coun- being pushed onto the stack; the remaining CPU registers 
-ter. The EF6805R2: MCU has implemented 2316 of these are not pushed. 
bytes. This consists of: 2048 user ROM bytes, 192 self- 


7 0 Lee EE Be es na 


RAM 1 Port B Data $001 
00 
03 
Port A DDR*® $004* 
Port B DDR* $005* 
Port C DDR* $006* 
207 
Timer Data Reg $008 
Timer Control Req $009 *Caution: Data direction registers 
Main User ~_ ra 500A (DORs) are write-only, 
ROM : they read as SF 
(1912 Bytes) $00B : , 
(3 Bytes) 
Self Check 13 if $00D 
ROM 14] A/D Control Register { $O0E 
192 B , 
Re eS) ‘e A/D Result SOOF 


Timer Interrupt 16 Not Used 
63 (48 Bytes) $O3F 


External Interrupt $040 


SS RAM 


SW! (64 Bytes) 


RESET Stack 
(31 Bytes Maximum) 


Page Zero 
Access with (128 Bytes) 
Short 
Instructions Page Zero 
User ROM 

(128 Bytes) 


Not Used 
(1728 Bytes) 


oO On DD OO & W ND 


—_ x 
—- © 


Interrupt 
Vectors 





$07F 


FIGURE 6 — EF6805R2 MCU ADDRESS MAP 
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Accumulator 


Index Register 


Push 


ee ee 
Condition 
Code Register 





Pull 


n+ 
n+2 


n+3 


PCH*® |n+4 


n+5 


*For subroutine calls, only PCH and PCL are stacked 


FIGURE 7 — INTERRUPT STACKING ORDER 


CENTRAL PROCESSING UNIT 

The CPU of the EF6809 Family is implemented in- 
dependently from the I/O or memory configuration. Conse- 
quently, it can be treated as an independent central pro- 
cessor communicating with 1/O and memory via internal ad- 
dress, data, and control buses. 


REGISTERS 


The 6805 Family CPU has five registers available to the 
programmer. They are shown in Figure 8 and are explained in 
the following paragraphs. 


ACCUMULATOR (A) — The accumulator is a general pur- 
pose 8-bit register used to hold operands and results of 
arithmetic calculations or data manipulations. 


INDEX REGISTER (X) — The index register is an 8-bit 
register used for the indexed addressing mode. It contains an 
8-bit value that may be added to an instruction value to 
create an effective address. The index register can also be 
used for data manipulations using the read-modify-write in- 
structions. The Index Register may also be used as a tem- 
porary storage area. 


7 
7 
11 8 7 
PCH t 
11 54 





index Register 


Program Counter 


Stack Pointer 


Condition Code Register 


Carry/ Borrow 


FIGURE 8 — PROGRAMMING MODEL 


PROGRAM COUNTER (PC) — The program counter is a 
12-bit register that contains the address of the next instruc- 
tion to be executed. 


STACK POINTER (SP) — The stack pointer is a 12-bit 
register that contains the address of the next free location on 
the stack. During an MCU reset or the reset stack pointer 
(RSP) instruction, the stack pointer is set to location $O7F. 


THOMSON SEMICONDUCTEURS 


The stack pointer is then decremented as data is pushed on- 
to the stack and incremented as data is then pulled from the 
stack: The seven most significant bits of the stack pointer are 
permanently set to 0000011. Subroutines and interrupts may 
be nested down to location $061 (31 bytes maximum) which 
allows the programmer to use up to 15 levels of subroutine 
calls (less if interrupts are allowed). 
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CONDITION CODE REGISTER . (CC) — The condition 
code register is a 5-bit register in which four bits are used to 
indicate the results of the instruction just executed. These 
bits can be individually tested by a program and specific ac- 
tion taken as a result of their state. Each bit is explained in 
the following paragraphs. 


Half Carry (H) — Set during ADD and ADC operations to 
indicate that a carry occurred between bits 3 and 4. 


Interrupt (1) — When this bit is set, the timer and external 
interrupts (INT and INT2) are masked (disabled). If an inter- 
rupt occurs:-while this bit is set, the interrupt is latched and is 
processed as soon as the interrupt bit is cleared. 


Negative (N) — When set, this bit indicates that the result 
of the last arithmetic, logical, or data manipulation was 
negative (bit 7 in the result is ‘a logical ‘’1"). 


Zero (Z) — When set, this bit indicates that the result of 
the last arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) — When set, this bit indicates that a 
carry or borrow out of the Arithmetic Logic Unit (ALU) 
occurred during the last arithmetic operation. This bit is also 
affected during bit test and branch instructions plus shifts 
and rotates. 


TIMER 


The timer circuitry for the MC6805R2 is shown in Fig- 
ure 10. The 8-bit counter may be loaded under program 
control and is decremented toward zero by the clock input 
(or prescaler output). When the timer reaches zero, the 
timer interrupt request bit (bit 7) in the timer control reg- 
ister (TCR) is set. The timer interrupt can be masked 
(disabled) by setting the timer interrupt mask bit (bit 6) in 
the TCR. The interrupt bit (I bit) in the condition code 
register also prevents a timer interrupt from being pro- 
cessed. The MCU responds to this interrupt by saving the 
present CPU state on the stack, fetching the timer inter- 
rupt vector from locations $FF8 and $FF9 and executing 
the interrupt routine (see RESET, CLOCK, AND 
INTERRUPT STRUCTURE SECTIONS). The timer 
interrupt request bit must be cleared by software. The 
TIMER and INT2 share the same interrupt vector. The 
interrupt routine must check the request bits to deter- 
mine the source of the interrupt. 


The clock input to the timer can be from an external 
source (decrementing of timer counter occurs on a posi- 
tive transition of the external source) applied to the 








p2 
(Internal) 


22 






Manufacturing 
Mask Options 


Write 


Prescaler 
2? 28 











8-Bit Counter 
Timer Data Register (TDR) 





TIMER input pin, or it can be the internal pnase two 
signal. Three machine cycles are required for a change in 
state of the TIMER pin to decrement the timer prescaler. 
The maximum frequency of a signal that can be recog- 
nized by the TIMER pin logic is dependent on the parame- 
ter labeled tyyH. The pin logic that recognizes the high 
state on the pin must also recognize the low state on the 
pin in order to “‘re-arm” the internal logic. Therefore, the 
period can be calculated as follows (assumes 50/50 duty 
cycle for a given period): 


teyc x 2 + 250 ns =period = i 


The period is not simply twL.+ twH. This computation is 
allowable, but it does reduce the maximum allowable 
frequency by defining an unnecessarily longer period 
(250 nanoseconds times two). 


When the phase two signal is used as the source, itcan be 
gated by an input applied to the TIMER input pin allowing 
the user to easily perform pulse-width measurements. 
The source of the clock input is one of the mask options 
that is specified before manufacture of the MCU. 


NOTE 


For ungated phase two clock input to the timer 
prescaler, the TIMER pin should be tied to Vcc. 


A prescaler option, divide by 2", can be applied to the 
clock input that extends the timing interval up to a maxi- 
mum of 128 counts before decrementing the counter. 
This prescaling mask option is also specified before 
manufacture. To avoid truncation errors, the prescaler is 
cleared when bit 3 of the timer control register is written 
to a logic one (this bit always reads a logic zero). See 
Figure 9. 


7 6 5 4 3 Z 1 0 
Pe Ee 
TCR7— Timer Interrupt Request Status Bit: Set when 
TDR goes to zero; must be cleared by software. 
Cleared to 0 by Reset. 

TCR6—Timer Interrupt Mask Bit: 1=timer inter- 
rupt masked (disabled). Set to 1 by Reset. 

TCR3— Clear prescaler always reads as a 0; clears pre- 
scaler when written to a logic “1”. 

TCR Bits 5, 4, 2, 1, 0 reads ‘1s’ — unused bits. 


FIGURE 9 — TIMER CONTROL REGISTER (TCR) 

















Timer Timer 
Interrupt Interrupt 
Request Mask 


22 















Timer Control Register (TCR) | 





Read Write Read 


Internal Data Bus 


FIGURE 10 — TIMER BLOCK DIAGRAM 
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The timer continues to count past zero, falling through to 
$FF from $00 and then continuing the countdown. Thus, 
the counter can be read at any time by reading the timer 
data register (TDR). This allows a program to determine 
the length of time since a timer interrupt has occurred, 
and not disturb the counting process. 


At power up or reset, the prescaler and counter are initial- 
ized with all logic ones; the timer interrupt request bit 
(bit 7) is cleared and the timer interrupt mask bit (bit 6) is 
set. 


SELF-CHECK 

The self-check capability of the EF6805R2MCU provi- 
des an internal check to determine if the part is functional. 
Connect the MCU as shown in Figure 11 and monitor the 
output of Port C bit 3 for an oscillation of approximately 
7 Hz. A 10-volt level (through a 10 k resistor) on the timer 
input, pin 8 and pressing then releasing the RESET button, 


energizes the ROM-based sel f-check feature. The self-check : 
program exercises the RAM, ROM, TIMER,A/D, interrupts, 


and |/O ports. 

Several of the self-check subroutines can be called by a 
user program with a JSR or BSR instruction. They are the 
RAM, ROM, and 4-channel A/D tests. The timer routine 
may also be called if the timer input is the internal @2 clock. 


To call those subroutines in customer applications, 


+5.25 


0.1 4F 


EF6805R2 


a) 


please contact your local THOMSON SEMICONDUC- 
TEURS sales office in order to obtain the complete descrip- 
tion of the self-check program and the entrance/exit con- 
ditions. 


RAM SELF-CHECK SUBROUTINE — The RAM self- 

check is called at location $F6F and returns with the Z bit 
clear ‘if. any error is detected ; otherwise the Z bit is set. 
The watking diagnostic pattern method is used on the 


EF6805R2. 


Tne RAM test must be called with the stack pointer at 
$07F. When run, the test checks every RAM cell except for 
$07F and $07E which are assumed to contain the return 
address. 

The A and X registers and all RAM locations except 
SO7F and $07E are modified. 


ROM CHECKSUM SUBROUTINE — The ROM seif- 
check is called at location $F8A. If any error is detected, it 
returns with the Z bit cleared; otherwise Z = 1,X = Oon 
return, and A is zeroif the.test passes. RAM location $040 
to $043 is overwritten. The checksum is the complement 
of the execution OR of the contents of the user ROM. 









PDO/ANO 
PD1/AN1 
PD2/AN2 
PD3/AN3 


* This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected. 


FIGURE 11 — SELF-CHECK CONNECTIONS 
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LED Meanings 


Bad 1/0 

Bad Timer 

Bad RAM 

Bad ROM 

Bad A/D 

Bad Interrupts or Request Flag 
Good Device 


0 
hing 


Flas 


Any 





Anything else bad Device, Bad Port C,.etc. 


ANALOG-TO-DIGITAL CONVERTER SELF-CHECK 
The A/D self-check is called at location $FA4 and returns 
with the Z bit cleared if any error was found; otherwise Z= 1. 

The A and X register contents are lost. The X register must 
be set to 4 before the call. On return, X=8 and A/D channel 
7 is selected. The A/D test uses the internal voltage 
references and confirms port connections. 


TIMER SELF-CHECK SUBROUTINE — The timer self- 
check is called at location $FCF and returns with the Z bit 
cleared if any error was found; otherwise Z= 1. 

In order to work correctly as a user subroutine, the internal 
¢2 clock must be the clocking source and interrupts must be 
disabled. Also, on exit, the clock is running and the interrupt 
mask is not set so the caller must protect from interrupts if 
necessary. 

The A and X register contents are lost. The timer self- 
check routine counts how many times the clock counts in 
128 cycles. The number of counts should be a power of 2 
since the prescaler is a power of 2. If not, the timer is 


probably not counting correctly. The routine also detects 
a timer which is not running. 


RESET 


Out 
Of 
Reset 
In 
Reset 
0.8 V 
ViRES 


The MCU can be reset three ways : by initial powerup, 
by the external reset input (RESET) and by an optional 
internal low-voltage detect circuit. The RESET input 
consists mainly of a Schmitt trigger which senses the 
RESET line logic level. A typical reset Schmitt trigger 
hysteresis curve is shown in Figure 12. The Schmitt 
trigger provides an internal reset voltage if it senses a 
logical zero on the RESET pin. 


. Power-On Reset (POR).— An internal reset is generated 
upon powerup that allows the internal clock generator to 
stabilize. A delay of tRHL milliseconds is required before 
allowing the RESET input to go high. Refer to the power 
and reset timing diagram of Figure 13. Connecting a capa- 
citor to the RESET input (as illustrated in Figure 14) ty- 
pically provides sufficient delay. During powerup, the 
Schmitt trigger switches on (removes reset) when RESET 
rises to VjJRES4. 





2V 4V 


Vines + 


FIGURE 12 — TYPICAL RESET SCHMITT 
TRIGGER HYSTERESIS 


5V 
V, 
cc 
OV 
RESET 
Pin 
internal ¥ 
Reset 





FIGURE 13 — POWER AND RESET TIMING 


THOMSON SEMICONDUCTEURS 


2-282 





EF6805R2 









Strong 
Discharge cc 





1.0 UF 






















Typical . 
eae rately Deuce Low Voltage (Opti 1) 
Vib L 3 Detector prone 
POR — = 
Delay o-1—>LvVI 
Capacitor 17>0>LVR 
. O 
Charging Internal 
Current Reset 
* Disable LVI Source 









Schmitt 
Trigger 





FIGURE 14 — RESET CONFIGURATION 


External Reset Input — The MCU will be reset if a logi- 
cal zero is applied to the RESET input for a period longer 
than one machine cycle (tcyc). Under this type of reset, 
the Schmitt trigger switches off at ViRES— to provide an 
internal reset voltage. 


Low-Voltage Inhibit (LV!) — The optional low-voltage 
detection circuit causes a reset of the MCU if the power 
supply voltage falls below a certain level (Viv |). The only 
requirement is that VCC remains at or below the VLy} 
threshold for one teyc minimum. In typical applications, 
the Vcc bus filter capacitor will eliminate negative-going 
voltage glitches of less than one teyc. The output from the 
low-voltage detector is connected directly to the internal 
reset circuitry. It also forces the RESET pin low via a 
strong discharge device through a resistor. The internal re- 
set will be removed once the power supply voltage rises 
above a recovery level (VLVvR), at which time a normal 
power-on-reset occurs. 


INTERNAL CLOCK GENERATOR OPTIONS 


The internal clock generator circuit is designed to re- 
quire a minimum of external components. A crystal, a re- 
sistor, a jumper wire, or an external signal may be used to 
generate a system clock with various stability/cost trade- 
offs. The oscillator frequency is internally divided by four 
to produce the internal system clocks. A manufacturing 
mask option is used to select crystal or resistor operation. 





EF6805R2 

EXTAL MCU 
(Crystal Mask 

Option) 






(See Note) C73 
5 






Crystal 


The different connection methods are shown in Figure 
15. Crystal specifications and suggested PC board layouts 
are given in Figure 16. A resistor selection graph is given 
in Figure 17. 


The crystal oscillator start-up time is a function of ma- 
ny variables : crystal parameters (especially Rs), oscillator 
load capacitances, IC parameters, ambient temperature, 
and supply voltage. To ensure rapid oscillator start up, 
neither the crystal characteristics nor the load capacitances 
should exceed recommendations. 


When utilizing the on-board oscillator, the MCU should 
remain in a reset condition (reset pin voltage below 
VIRES+) until the oscillator has stabilized at its operating 
frequency. Several factors are involved in calculating the 
external reset capacitor required to satisfy this condition: 
the oscillator start-up voltage, the oscillator stabilization 
time, the minimum V|RES4, and the reset charging current 
specification. 


Once Vcc minimum is reached, the external RESET 
capacitor will begin to charge at a rate dependent on 


the capacitor value. The charging current is supplied from 


Vcc through a large resistor, so it appears almost like a 
constant Current source until the reset voltage rises above 
VIRES4+. Therefore, the RESET pin will charge at approxi- 
mately : 





(VIRES+)°Cext = IRES © tRHL 
Assuming the external capacitor is initially discharged. 





EF6805R2 
EXTAL MCU 


(Resistor Mask 
Option) 







Approximately 25% to 50% Accuracy 
Typical lcyc= 1.25 ps 
External Jumper 





FIGURE 15 — CLOCK GENERATOR OPTIONS 
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External — EF6805R2 See Fi 4 EF6805R2 
Clock S}EXTAL cu (See Figure 17) 5 | EXTAL MCU 
Input (Crystal Mask No (Resistor Mask 
Option) Connection Option) 
External Clock Approximately 10% to 25% Accuracy 


External Resistor 
(Excludes Resistor Tolerance) 


NOTE: The recommended C; value with a 4.0 MHz crystal is 27 pF, maximum, including system distributed capacitance. There is an internal 
Capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on each pin 
should be scaled as the inverse of the frequency ratio. For. example, with a 2 MHz crystal, use approximately 50 pF on EXTAL and ap- 
proximately 25 pF on XTAL. The exact value depends on the Motional-Arm parameters of the crystal used. 


FIGURE 15 — CLOCK GENERATOR OPTIONS (Cont'd) 


(a) Cy 


eer XTAL 


AT — Cut Parallel Resonance Crystal 
Co=7 pF Max 

Freq. =4.0 MHz @ C, = 24 pF 

Rs =50 ohms Max. 





Y/ Piezoelectric ceramic resonators 
C85 A which have the equivalent speci- 
e y, 2 . . 
y AP Crystal fications may be used instead of 
ve crystal oscillators. Follow cera- 
BY, 









mic resonator manufacturer's 
suggestions for Co, Cz, and Rs 
values. 


EXTAL (5) 
XTAL (6) 


EXTAL (5) (J 
XTAL (6) [ 





NOTE: Keep crystal leads and circuit connections as short as possible. 


FIGURE 16 ~ CRYSTAL MOTIONAL ARM PARAMETERS 
AND SUGGESTED PC BOARD LAYOUT 


a Oo NSN @ 
o 0 oOo oO 


FIGURE 17 — TYPICAL FREQUENCY SELECTION FOR 
RESISTOR (OSCILLATOR OPTION) 


& 
° 


Oscillator Frequency (MHz) 
N b 
fo) ro) 


a 
° 





o 


0 10 20 30 40 50 60 70 80 
Resistance (k{2) 
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INTERRUPTS 


The microcomputers can be interrupted four different 
ways : through the external interrupt (INT) input pin, the 
internal timer interrupt request, the external port D bit 6 
(INT2) input pin, or the software interrupt instruction 
(SWI). When any interrupt occurs : the current instruc- 
tion (including SW!) is completed, processing is suspended, 
the present CPU state is pushed onto the stack, the inter- 
rupt bit (1) in the condition code register is set, the ad- 
dress of the interrupt routine is obtained from the appro- 
priate interrupt vector address, and the interrupt routine 
is executed. Stacking the CPU register, setting the | bit, 
and vector fetching require a total of 11 tcyc periods 
for completion. A flowchart of the interrupt sequence 
is shown in Figure 18. The interrupt service routine must 













11 (in CC) 
O7F SP 
0->DDRs 

CLR INT Logic 
FF > Timer 

7F — Prescaler 

7F-—>TCR 
7F >MR 








Put FFE on 
Address Bus 


Reset 








RESET ? 
Pin = Low 
| RESET Is Fetched 
some ge Instruction 
Pin =High ; 
2 o on SW! ? 
Load PC 
From 
FFE/FFF 


Cycles 












(TIMER INT) 
TCRU*TCR6 


Instruction 


Execute All 
Instruction 





end with a return from interrupt (RTI) instruction which 
allows the MCU to resume processing of the program prior 
to the interrupt (by unstacking the previous CPU state). 
Unlike RESET, hardware interrupts do not cause the cur- 
rent instruction execution to be halted, but are considered 
pending until the current instruction execution is complete. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and if unmasked.,,. 
proceeds with interrupt processing ; otherwise the next 
instruction” is fetched and executed. Note that masked 
interrupts are latched for later interrupt service. 


If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the exter- 
nal interrupt is serviced first. The SWI is executed as any 
other instruction. 


Stack 


PC, X, A, CC 





71 





Load PC From: 


SWI: FFC/FFD! 
INT: FFA/FFB 
Timer or 


INT2: FF8/FF9 






FIGURE 18 — RESET AND INTERRUPT PROCCESSING FLOWCHARD 
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NOTE 


The timer and INT2 interrupts share the same vector 
address. The interrupt routine must determine the sour- 
ce by examining the interrupt request bits (TCR b7 and 
MR b7). Both TCR b7 and MR b/7 can only be written 
to zero by software. 


The external interrupt, INT and INT2, are synchroni- 
zed and then latched on the falling edge of the input 
signal. The INT2 interrupt has an interrupt request bit 
(bit 7) and a mask bit (bit 6) located in the miscellaneous 
register (MR). The INT2 interrupt is inhibited when the 
mask bit is set. The INT2 is always read as a digital input 
on port D. The INT2 and timer interrupt request bits, if 
set, cause the MCU to process an interrupt when the con- 
dition code | bit is clear. 








A sinusoidal input signal (fj|)y7 maximum) can be used 
to generate an external interrupt for use as a zero-crossing 
detector. This allows applications such as servicing time-of- 
day routines and engaging/disengaging ac power control 
devices. Off-chip full wave rectification provides an inter- 
rupt at every zero crossing of the ac signal and thereby 
provides a 2f clock. See Figure 19. 


NOTE 


The INT (pin 3) is internally biased at approximately 
2.2 V due to the internal zero-crossing detection. 


A software interrupt (SWI) is an executable instruction 
which is executed regardless of the state of the | bit in 
the condition code register. SWIs are usually used as break- 


- points for debugging or as system calls. 


A/D CONTROL REGISTER (ACR) 
7 6 5 4 3 2 1 0 
Leite tet ts TT | so 
Bit 7—Conversion Complete Status Flag: Set when 
conversion is complete; cleared only on a write 


to ACR. 
Readable, not writable. 


Bits 2, 1,0 — A/D input Mux Selection (See Table 2). 
Bits 6, 5, 4, 3 read as ‘1s’ — unused bits. 


(a) Zero-Crossing Interrupt 


AC 
Input 


(fut Max. 


R<1M& 
AC Input 


210V acp-p uF 


~" 


(Current 
) Limiting) 


MCU 
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(b) Digital-Signal Interrupt 






EF6805R2 
MCU 


FIGURE 19 — TYPICAL INTERRUPT CIRCUITS 


INPUT/OUTPUT CIRCUITRY 


There are 32 input/output pins. The INT pin may be 
polled with branch instructions to provide an additional 
input pin. All pins on ports A, B, and C are programmable 
as either inputs or outputs under software control of the 
corresponding data direction register (DDR). See below 
1/O port control registers configuration. The port 1/O 
programming is accomplished by writing the correspon- 
ding bit in the port DDR to a logic one for output or a 
logic zero for input. On reset all the DDRs are initialized 
to a logic zero state, placing the ports in the input mode. 
The port output registers are not initialized on reset and 
should be initialized by software before changing the 
DDRs from input to output. A read operation on a port 
programmed as an output will read the contents of the 
output latch regardiess of the logic levels at the output 
pin, due to output loading. Refer to Figure 20. 
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PORT DATA REGISTER 


Port A Addr = $000 
Port B Addr = $001 
Port C Addr = $002 
Port D Addr = $003 


PORT DATA DIRECTION REGISTER (DDR) 
7 0 


es 


(1) Write Only; reads as ail ‘‘1s"’ 
(2) 1= Output, O=Input Cleared to O by Reset 
(3) Port A Addr = $004 

Port B Addr = $005 

Port C Addr.= $006 
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Data 
Direction Register 
Bit * 


Latched 
Output 
Data 
Bit 


Internal 
Connections 


Data 
Direction 
Register 
Bit 












*DDR is a write-only reqister and reads as all ‘’1s’’. 
** Ports B, and C are three-state ports. 

Port A has optional internal pullup devices to provide CMOS data 
drive capability. See Electrical Characteristics tables for complete 
information. 


FIGURE 20 — TYPICAL PORT 1/0 CIRCUITRY 


All input/output lines are TTL compatible as both 
inputs and outputs. Port A lines are CMOS compatible as 
outputs (mask option) while port B, C, and D lines are 
CMOS compatible as inputs. Port D lines are input only; 
thus, there is no corresponding DDR. When programmed 
as outputs, port B is capable of sinking 10 milliamperes 
and sourcing 1 milliampere on each pin. 


Port D provides the reference voltage, INT2, and multi- 
plexed analog inputs. All of these lines are shared with 
the port D digital inputs. Port D may always be used as 
digital inputs and may also be used as analog inputs pro- 
viding VRH and VR_L are connected to the appropriate 
reference voltages. The VAL and VRH lines (PD4 and 
PD5) are internally connected to the A/D resistor. Analog 
inputs may be prescaled to attain the VAL and VRH re- 
commended input voltage range. 


The address map (Figure 6) gives the addresses of data 
registers and data direction registers. Figure 21 provides 
some examples of port connections. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write in function, 
they cannot be used to set or clear a single DDR bit 
(all “unaffected’’ bits would be set). It is recommen- 
ded that all DDR bits in a port be written using a 
single-store instruction. 


The latched output data bit (see Figure 20) must always 
be written. Therefore, any write to a port writes all of 
its data bits even though the port DDR is set to input. 
This may be used to initialize the data register and 
avoid undefined outputs ; however, care must be exercised 
when using read-modify-write instructions, since the data 
read corresponds to the pin level if the DDR is an input 
(zero) and corresponds to the latched output data when 
the DDR is an output (one). 
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(a) Output Modes 


{CMOS Loads) 


(1 TTL Load) 






Port A, bit 7 and bit 4 programmed as output. 
Bit 7 driving CMOS loads and bit 4 driving 
one TTL load directly using CMOS output op- 
tion. 





@— 10 mA 





Port B, bit O and bit 1 programmed as output, driving 


LEDs directly. 






PB7 
PB6 
PB5 
PB4 
PB3 
PB2 
PBI 
PBO 


1. HFEelb 


2N6386 (Typical) 


Port B, bit 5 programmed as output, driving Darling: 
ton-base directly. 


PC? 


PC6 ¥ 
PCS 
PC4 
PC3 
CMOS Inverter 
PC2 MC 14049/ 14069 


PCI ‘Typical 


PCO 





Port C, bits 0-3 programmed as output, driving CMOS 
loads, using external pullup resistors (required if Port 
C ts open-drain). 


(b) Input Modes 








SN74LS04 (Typical) 





PC7 
MC 14069 
(Typical) 2 PC6 
e 
. PCS 
e 
e PC4 
e 
. PC3 
e 
i PC2 
SN74LS04 PCI 
(Typical) 


CMOS and TTL driving Port C directly. 






SN74LS04 or MC14069 PB4 
(Typical) PB4 

PB2 

PBI 

PBO 


PDO/ANO 
PD1/AN1 
PD2/AN2 
PD3/AN3 





Port D used as 4-channel A/D input with bit 7 used as 
CMOS digital input. 


FIGURE 21 — TYPICAL PORT CONNECTIONS 
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ANALOG-TO-DIGITAL COUVERTER 


The EF6805R2 has an 8-bit analog-to-digital (A/D) 
converter implemented on the chip using a successive ap- 
proximation technique, as shown in Figure 22. Up to four 
external analog inputs, via port D, are connected to the 
A/D through a multiplexer. Four internal analog channels 
may be selected for calibration .purposes (VRH-VRL, 







D/A 
15 k (Typ.) 
Ret 

PD5/VRH 
PD4/V_i 
PD0O/ANO 
PD1/AN1 
PD2/AN2 


PC3/AN3 


A/D 
Control 
Register 


A/D Control Register 
ACR1 


0 
0 
1 
1 
0 
0 
1 
1 


* internal (Calibration) levels 








Input Selected 


wonenon of 


TABLE 1 — A/D INPUT MUX SELECTION 


Whenever the ACR is written, the conversion in progress 
is aborted, the conversion complete flag (ACR bit 7) is 
cleared, and the selected input is sampled for five machine 
cycles and held internally. During these five cycles, the 


Device 
Analog 
Input 
Channel 
Select 





0 
PEER REES Register 


| Min | Typ | Max_| 





VRH-VRL/2, VRH-VRL/4, and Vp). The accuracy of 
these internal channels will not necessarily meet the accu- 
racy specifications of the external channels. 


The multiplexer selection is controlled by the A/D con- 
trol register (ACR) bitsO, 1, and 2 ; see Table 1. This regis- 
ter is cleared during any reset condition. 


. Control 





nt 





Result 






MISCELLANEOUS REGISTER (MR) 
7 0 
ie ie ee 
MR7 Bit 7—INT2 Interrupt Request Bit: Set when fall- 
ing edge detected on INT2 pin, must be 
cleared by software. Cleared to 0 by Reset 
MR6 Bit 6— INT2 Interrupt Mask Bit: 1=INT2 Interrupt 


masked (disabled). Set to 1 by Reset. 
MR Bits 5, 4, 3, 2, 1, O— Read as ‘1s’ — unused bits. 


A/D RESULT REGISTER (ARR) 


7 0 
MSB LSB 300F 


analog input will appear approximately like a 25 picofarad 
(maximum) capacitor (plus approximately 10 pF for 
packaging) charging through a 2.6 kiloohm resistor (typi- 
cal). Refer to Figure 23. 


2.6 kQ2 (Typical) 


ar 25 pF (Maximum) 


= Virtual 
Ground 


FIGURE 23 — EFFECTIVE ANALOG INPUT IMPEDANCE (DURING SAMPLING ONLY) 
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Dig 


Output 


EF6805R2 


The converter operates continuously using 30 machine 
cycles to complete a conversion of the sampled analog 
input. When the conversion is complete , the digitized 
sample of digital value is placed in the A/D result register 
(ARR), the conversion complete flag is set, the selected 
input is sampled again, and a new conversion is started. 


The A/D is ratiometric. Two reference voltages (VRH 
and VR_) are supplied to the converter via port D pins. 
An input voltage equal to VRH converts to $FF (full 
scale) and an input voltage equal to Vat converts to $00. 
An input voltage greater than VRH converts to SFF and 
no overflow indication is provided. Similarly, an input 
voltage less than VR_, but greater than Vss converts to 
$00. Maximum and minimum ratings must not be excee- 
ded. For ratiometric conversion, the source of each analog 
input should use VR} as the supply voltage and be refe- 


Converter 
Output 
(Hex) 


Vet 1x 2x 3x 4x 5x 6x 


renced to VRL. To maintain the full accuracy on the A/D, 
V RH should be equal to or less than Vpp, VRL should be 
equal to or greater than Vss but less than the maximum 
specification and (VRH-VRL) should be equal to or grea- 
ter than 4 volts. 


The A/D has a built-in 1/2 LSB offset intended to re- 
duce the magnitude of the quantizing error to + 1/2 LSB, 
rather than + 0, — 1 LSB with no offset. This implies that, 
ignoring errors, the transition point from $00 to $01 
occurs at 1/2 LSB above Vp_. Similarly, the transition 
from $FE to $FF occurs 1 1/2 LSB below Vrpu, ideally. 
Refer to Figure 24 and 25. 


On release of reset, the A/D control register (ACR) is 
cleared therefore after reset, channel zero will be selected 
and the conversion complete flag will be clear. 


Error Convention 
+2 LSBs 
+1LSB 





+1/2 LSB 





250x 251x 252x 253x 254x 255x VRH 


= 1 — = 


FIGURE 24 — IDEAL CONVERTER TRANSFER CHARACTERISTIC 


(a) Offset Error 


ital Digital 
Output 


FF 







FFL ------- 


(b) Full Scale Error 





(c) Non-Linearity 


Digital 
Output 





Analog 00 





Input 
Full VAL Non- 'VRH — 1 LSB) 
Scale Linearity 
Error 


FIGURE 25 — TYPES OF CONVERSION ERRORS 


Analog 00 
Betcat (Vey — 1 LSB) Input 
(Positive) 
18/28 





THOMSON SEMICONDUCTEURS 


2-290 


Input 








EF6805R2 


BIT MANIPULATION 

The EF6805R2 asthe ability to set or clear any single RAM 
or !/O bit (except the data direction registers) with a single 
instruction (BSET, BCLR) (see Caution below). Any bit in page 
zero can be tested using the BRSET and BRCLR instructions 
and the program branches as a result of its state. The carry bit 
equals the value of the bit references by BRSET or BRCLR. The 
capability to working with any bit in RAM, ROM, or !/O allows 
the user to have individual flags in RAM or to handle single 
1/0 bits as control lines. 


CAUTION 

The corresponding data direction registers for ports A, B, and 
C are write-only registers (locations $004, $005, and $006). A 
read operation on these registers is undefined. Since BSET 


* BRSET 2,PORTA, * WAIT FOR READY 
BSET 1, PORTA CLOCK NEXT BIT IN 
BRCLR 0, PORTA, NEXT PICKUP BIT IN C-BIT 

NEXT BCLR 1, PORTA RETURN CLOCK LINE HIGH 
ASR RAMLOC MOVE C-BIT INTO RAM 





and BCLR are read-modify-write functions, they cannot be 
used to set a data direction register bit (all “unaffected” bits 
would be set). It is recommended that all data direction regis- 
ter bits in a port be written using a single-store instruction. 


The coding examples shown in Figure 26 illustrate the use- 
fulness of the bit manipulation and test instruction. Assume 
that the microcomputer is to communicate with an external 
serial device. The external device has a data ready signal, a 
data output line, anda clock line toclock data one bit at a time, 
least significant bit first out,of the device. The microcomputer 
waits until the data is ready, clocks the external device, picks 
up the data in the carry flag, clears the clock line, and finally 
accumulates the data bit in a random-access memory loca- 


tion. 
Serial 
Device 





FIGURE 26 - BIT MANIPULATION EXAMPLE 


ADDRESSING MODES 

The EF6805R2 MCU has ten addressing modes available 
for use by the programmer. They are explained briefly in the 
following paragraphs. For additional details and graphical 
illustrations, refer to the EF6805 Family Users Manual. 

The term “effective address’’ (EA) is used in describing the 
addressing modes. EA is defined as the address from which 
the argument for an instruction is fetched or stored. 

IMMEDIATE — In the immediate addressing mode, the 
operand is contained in the byte immediately following the 
opcode. The immediate addressing mode is used to access 
constants which do not change during program execution 
(e.g., a constant used to initialize a loop counter). 

DIRECT — In the direct addressing mode, the effective 
address of the argument is contained in a single byte follow- 
ing the opcode byte. Direct addressing allows the user to 
directly address the lowest 256 bytes in memory with a single 
‘2-byte instruction. This address area includes all on-chip 
RAM and 1!/O registers and 128 bytes of ROM. Direct 
addressing is an effective use of both memory and time. 

EXTENDED — In the extended addressing mode, the ef- 
fective address of the argument is contained in the two bytes 
following the opcode. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single 3-byte instruction. When using the 
assembler, the user need not specify whether an instruc- 
tion uses direct or extended addressing. The assembler 
automatically selects the shortest form of the instruction. 

RELATIVE — The relative addressing mode is only used in 
branch instructions. In relative addressing, the contents of 
the 8-bit signed byte following the opcode (the offset) is 
added to the PC if, and only if, the branch condition is true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from — 126 to + 129 from the 
opcode address. The programmer need not worry about 
calculating the correct offset if he uses the assembler, 
since it calculates the proper offset and checks to see if 
it is within the span of the branch. 
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INDEXED, NO OFFSET — In the indexed, no offset 
addressing mode, the effective address of the argument ts 
contained in the 8-bit index register. Thus, this addressing 
mode can access the first 256 memory locations. These im 
structions are only one byte long. This mode is often used to 
move a pointer through a table or to hold the address of a 
frequently referenced RAM or I/O location. 

INDEXED, 8-BIT OFFSET — In the indexed, 8-bit offset 
addressing mode, the effective address is the sum of the 
contents of the unsigned 8-bit index register and the unsign- 
ed byte following the opcode. This addressing mode is 
useful in selecting the kth element in an n element table. 
With this 2-byte instruction, k would typically be in X with 
the address of the beginning of the table in the instruction. 
As such, tables may begin anywhere within the first 256 
addressable locations and could extend as far as location 510 
($1FE is the last location at which the instruction may begin). 

INDEXED, 16-BIT OFFSET — In the indexed, 16-bit offset 
addressing mode, the effective address is the sum of the 
contents of the unsigned 8-bit index register and the two un- 
signed bytes following the opcode. This addressing mode 
can be used in a manner similar to indexed, 8-bit offset ex- 
cept that this 3-byte instruction allows tables to be anywhere, 
in memory. As with direct and extended, the assembler 
determines the shortest form of indexed addressing. 

BIT SET/CLEAR — In the bit set/clear addressing mode, 
the bit to be set or cleared is part of the opcode, and the byte 
following the opcode specifies the direct address of the byte 
in which the specified bit is to be set or cleared. Thus, any 
read/write bit in the first 256 locations of memory, including 
1/0, can be selectively set or cleared with a single 2-byte in- 
struction. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at 3004, "$005, $006). 
A read operation on these registers is undefined. Since 
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BSET and BCLR are read-modify-write in function, 
they cannot be used to set or clear a single DDR bit 
(all unaffected” bits would be set). It is recommended 
that all DDR bits in a port be must written using a single- 
store instruction. 


BIT TEST AND BRANCH — The bit test and branch 
addressing mode is a combination of direct addressing and 


relative addressing. The bit which is to be tested and condi- 


20/28 





tion (set or clear) is included in the opcode, and the address 
of the byte to be tested is in the single byte immediately 
following the opcode byte. The signed relative 8-bit offset in 
the third byte is added to the PC if the specified bit is set or 
cleared in the specified memory location. This single 3-byte 
instruction allows the program to branch based on the condi- 
tion of any readable bit in the first 256 locations of memory. 
The span of branching is from — 125 to + 130 from the op- 
code address. The state of the tested bit is also transferred to 
the carry bit of the condition code registers. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write in function, 
they cannot be used to set or clear a single DOR bit 
(all ‘‘unaffected” bits would be set). It is recommended 
that all DDR bits in a port be must written using a single- 
store instruction. 


INHERENT -- In the inherent addressing mode, all the in- 
formation necessary to execute the instruction is contained 
in the opcode. Operations specifying only the index register 
or accumulator, as well as ‘control instructions with no other 
arguments, are included in this mode. These instructions are 
one byte long. 


INSTRUCTION SET 

The EF6805R2 MCU has a set of 59 basic instructions, 
which when combined with the 10 addressing modes pro- 
duce 207 usable opcodes. They can be divided into five dif- 
ferent types: register/memory, read-modify-write, branch, 
bit manipulation, and control. The following paragraphs 
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briefly explain each type. All the instructions within a given 
type are presented in individual tables. 


REGISTER/MEMORY INSTRUCTIONS — Most of these 
instructions use two operands. One operand is either the ac- 
cumulator or the index register. The other operand is obtain- 
ed from memory using one of the addressing modes. The 
jump unconditional (JMP) and jump to subroutine (JSR) in- 
structions have no register operand. Refer to Table 1. 

READ-MODIFY-WRITE INSTRUCTIONS — These in- 
structions read a memory location or a register, modify or 
test its contents, and write the modified value back to 
memory or to the register; see Caution under Input/Output 
section. The test for negative or zero (TST) instruction is in- 
cluded in the read-modify-write instruction though it does 
not perform the write. Refer to Fable 2. 

BRANCH INSTRUCTIONS — The branch instructions 
cause a branch from the program when a certain condition is 
met. Refer to Table 3. 

BIT MANIPULATION INSTRUCTIONS — The instruc- 
tinns are used on any bit in the first 256 bytes of the memory; 
One group either sets or clears. The other group performs 
the bit test and branch operations. Refer to Table 4. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write in function, 
they cannot be used to set or clear a single DDR bit 
{all “unaffected” bits would be set). It is recommended 
that all DDR bits in a port be must written using a single- 
store instruction. 


CONTROL INSTRUCTION — The control instructions 
control the MCU operations during program execution. 
Refer to Table 5. 

ALPHABETICAL LISTING — The complete instruction set 
is given in alphabetical order in Table 6. 

OPCODE MAP — Table 8 is an opcode map for the in- 
struction used on the MCU. 
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TABLE 1 — REGISTER/MEMORY INSTRUCTIONS 
Extended (No oe (8-Bit Offset) (16-Bit Offset) 
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TABLE 2 — READ-MODIFY-WRITE INSTRUCTIONS 


Addressing Modes 
Indexed 
(No ae 
Op # # Op Op 
Code} Bytes ae Co y Cycles |Code|Bytes eecils Code ae Beem iss de Bes ee 
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TABLE 3 — BRANCH INSTRUCTIONS 













Relative Addressing Mode 
tnemonic| cose | ey 
Code Bytes | Cycles 
Pera [| 20 | 2 

Branch Never | BRN [| 21 | 
| Bis 


Oo 
a] 


Branch Always 


N 
—y 


Branch IFF Higher 


Branch IFF Lower or Same 
| Branch IFFCarry Clear | Bcc 
(BranchIFFHigher or Same) 
Branch IFF Carry Set | BCS | 
(Branch IFF Lower) 
| BNE | 


BranchliFF Not Equal 


= sa 
eee S| 
ae 
2 [a 
2 | 4 
2 a 
2 | 
| 4 
a 
Branch IFF Equal | BEQ | 2 


B 
B 
B 
B 
( 
Branch IFF Half Carry Clear 


Branch IFF Half Carry Set BHCS 
BranchliFF Plus B 
BranchliFF Minus 


BranchlIFFinterupt Mask 
Bit is Clear 

BranchliFF Interrupt Mask 
Bit is Set 

BranchliFF interrupt Line 
is Low 


RA 
BHI 22 
KS 3 
cc 4 
4 
cS 5 
25 
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28 
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Branch to Subroutine 
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TABLE 4 — BIT MANIPULATION INSTRUCTIONS 





Addressing Modes 


Bit Set/Clear Bit Test and Branch 
Op # # Op # 
Code Bytes| Cycles}; Code Bytes} Cycles 


# 
Branch iFF Bit ms clear | @RCLAN n=O. — | - [| — [ot+2en] 3 [| 10 
| 





ae ee 
7 ee 










| tmmetion | mnemonic | code | aves | 
Code Bytes 
Ser Carryan +t _sec~—~«t:~—C 
cc | 98 
Ere eee 
| RSP 
| NOP | 







Return from Interrupt 


Reset Stack Pornter 
No-Operation 


| 98 
| 9A | 
| 81 
| 80 
| 9D | 
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TABLE 6 — INSTRUCTION SET 





snl ela[e(=|<|e|ele|elelela|s|e|e|cle|slelelaiaielelels 


s-__21<l<{<l<{<[e lelelelelolelelelel<lelelelelelelelelele| 
[ =Jelelelelelelelelelelelelelelelelelelolelelelelele. 








Condition Code 








Bit 
Set/ 
Clear 

et 
aad 
bese 
oe 
eal 
Eau 
ca 
Ee i 
a] 
ae 
a 
aol 
Pw 
hes mall 
aw 
Lace 
eae 
Ba | 
eed 
La 
a 
: 
axl 
cei 
ae 
Ea eel 
cm 
ie 
ed 
(Deel 
Rowe 
ae 
ead 
[alert 
pa 
eae 
aes 
ell 
| | 
Be 
Fiesta 
feat 
ones 
eae 
ea 
bel 
Pe 
ia 





EU SCSATRINTTNUATUSHRTVANTTNGNTTOOSHSESOS¢S0 TSO 
CLEHEEEHEEECELE HEE CHEREECHEPECREREREE REET 
CUTE EHH Hat PEE 
CURLER HL EEE ELL 
CArrRRRUTTUTEELL ET UT RR PRRRPEeeEEEEE PPL 
TSA 


~1W v alt 
zz Zio le (3/3 = ale 
o| co jo lo jo lm oo co |co 


Indexed 





indexed 
No Offset) | (8 Bits) ae Bits)|C 





indexed 


( 





Addressing Modes 
Relative 





Extended 





— 








C  Carry/Borrow 


H_ Half Carry (From Bit 3) 


Condition Code Symbols: 
1 interrupt Mask 


A Test and Set if True, Cleared Otherwise 


® Not Affected 


N Negative (Sign Bit) 


Z Zero 
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TABLE 6 — INSTRUCTION SET (CONTINUED) 


Addressing Modes Condition Code 


Bit 
Test & 
Branch Cc 
7127? 727 ? 
| ejelele|e| 





Condition Code Symbols: 


H Half Carry (From Bit 3) C  Carry/Borrow 

1 Interrupt Mask A Test and Set if True, Cleared Otherwise 
N Negative (Sign Bit) e Not Affected 

Z Zero ? Load CC Register From Stack 


EF6805 HMOS FAMILY 





Yes 
Timer, UART 


iJExternal Interrupt Inputs 
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TABLE 7 — 6805 HMOS FAMILY INSTRUCTION SET OPCODE MAP 


= - oro mie eee 


a 3 
ee O000 
ive IMM 
IMM awe Ce we Cie 
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an 


ry 
6 
INH iMM 
INH 4 ene or Aa ae 
t) 
4 6 
at BRCLR4G " BCLRA | BHCS ROLA "ROL eae SEC ADC ADC ADC ADC 
INH 2 4] 4 1x 1 INH | 2 IMM 2 OW | 3 ExT} 3 1X2 | 2 Ix 
INH {| 2 x1 ft ix 1 INH {2 IMM } 2 DIR } 3 ExT] 3 1K2 
2 IMM DIR {| 3 ExT | 3 1x2 
3 ry 4 
A INH INH 5 2 OR EXT 1X2 
he INH INH REL | 2 DIP | 3 EXT! 3 1x2 oe 
IMM EXT 
878 BSC } 2 INH INH EXT ‘re 2 





Sp 


ni 









Abbreviations for Address Modes LEGEND 

ae ee Opcode in Hexadecimal 
DIR Direct 

EXT Extended fa yes Opcode in Binary 

REL Relative nemonic 

BSC Bit Set/Clear Bytes 

BTB Bit Test and Branch 

1x Indexed (No Offset) Address Mode 

1X1 indexed, 1 Byte (8-Bit) Offset 

IX2 Indexed, 2 Byte (16-Bit) Offset 
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PHYSICAL DIMENSIONS 


CB-182 





(1). Nomina! dimension 
(2) True geometrical position 


40 pins 


P SUFFIX 
PLASTIC PACKAGE 





CB-521 












EFG805R2 





4) 
dae 44 ins 
0.64 . 
mia, Q533 Y 
MO-047-AC CB-521 
DATA. JEDEC SITELESC 
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ORDERING INFORMATION 


The information required when ordering acustom MCU 
is listed below. The ROM program may be transmitted to 
THOMSON SEMICONDUCTEURS on EPROM(s) or an 
EFDOS/MDOS* disk file. 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact your local THOMSON SEMICONDUC- 
TEURS representative or distributor. 


EPROMs 


Two 2716 or one .2732 type EPROMs, program- 
med with the customer program (positive logic sense for 
address and data), may be submitted for pattern generation. 
The EPROM must be clearly marked to indicate which 
EPROM corresponds to which address space. The recom- 
mended marking procedure is illustrated below : 


800 





XXX = Customer !D 


After the EPROM(s) are marked, they should be placed in 
conductive IC carriers and securely packed. Do not use 
styrofoam. 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are fil- 
ed for contractual purposes and are not returned. A com- 
puter listing of the ROM code will be generated and returned 
along with a listing verification form. The listing should be 
thoroughly checked and the verification form completed, 
signed, and returned to THOMSON SEMICONDUC- 
TEURS. The signed verification form constitutes the 


contractual agreement for creation of the customer mask. 
If desired, THOMSON SEMICONDUCTEURS will pro- 
gram on blank EPROM from the data file used to create 
the custom mask and aid in the verification process. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern will be 
sent for program verification. These units will have been 
made using the custom mask but are for the purpose of 
ROM verification only. For expediency they are usually un- 
marked, packaged in ceramic, and tested only at room 
temperature and 5 volts. These RVUs are included in the 
mask charge and are not production parts. The RVUs are 
thus not guaranteed by THOMSON SEMICONDUC- 
TEURS. Quality Assurance, and should be discarded 
after verification is completed. 


FLEXIBLE DISKS 


The disk media submitted must be single-sided, EF DOS/ 
MDOS* compatible floppies. 

The customer must write the binary file name and compa- 
ny name on the disk with a felt-tip-pen. The minimum 
EFDOS/MDOS* system files, as well as the absolute 
binary object file (Filename .LO type of file) from the 
6805 cross assembler, must be on the disk. An object file 
made from a memory dump using the ROLLOUT com- 
mand is also acceptable. Consider submitting a source 
listing as well as the following files : filename .LX (DEV! 
CE/E XORciser loadable format) and filename SA (ASCII 
Source Code). These files will of course be kept confiden 
tial and are used 1) to speed up the process in-house if ny 
problems arise, and 2) to speed up the user-to-factory 
interface if the user finds any software errors and needs 
assistance quickly from THOMSON SEMICONDUC- 
TEURS factory representatives. 

EFDOS is THOMSON SEMICONDUCTEURS’ Disk 
Operating System available on development systems 
such as DEVICE... 

MDOS* is MOT OROLA’s Disk Operating System available 
on development systems such as E XORciser.,... 


*Requires prior factory approval. 


Whenever ordering a custom MCU is required, please contact your local THOMSON SEMICONDUCTEURS representa- 
tive or THOMSON SEMICONDUCTEURS distributor and/or complete and send the attached ‘MCU customer ordering 
sheet’’ to your local THOMSON SEMICONDUCTEURS representative. 


E XORciser is a registered trademark of MOTOROLA Inc. 
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ORDERING INFORMATION 


- EF6805R2 ; P|) V 
Device can Screening level 


Package Oper. temp. 
The table below horizontally shows all available suffix combinations for package, operating temperature and screening 
level. Other possibilities on request. 


Ae Coecacne OPER. TEMP SCREENING LEVEL 


eae 


Examples : EF6805R2P, EF6805R2FN, EFG805R2PV, EF6805R2FNV : 


Package: C: Ceramic DIL, J: Cerdip DIL, P: Plastic DIL, E: LCCC, FN’: PLCC. 
Oper. temp.: L*: 0°C to +70°C, V: —40°C to +85°C, T:-40°C to + 105°C, *: may be omitted. 
Screening level: Std: (no-end suffix), D : NFC 96883 level D, 

G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level B. 





These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different products. 


Ref .DSEF6805R2 


Printed in France 


28/28 
THOMSON SEMICONDUCTEURS 


2-300 













ee EF6805R3 


g \ 8 BIT MICROCOMPUTER WITH A/D 












ADVANCE INFORMATION 


The EF6805R3 Microcomputer Unit (MCU) is a member of the 6805 
Family of low-cost single-chip Microcomputers. The 8-bit microcomputer 
contains a CPU, on-chip CLOCK, ROM, RAM, 1/0, 4-channel 8-bit A/D, 
and TIMER. It is designed for the user who needs an economical micro- 
computer with the proven capabilities of the 6800-based instruction set. 
A comparison of the key features of several members of the 6805 Family 
of Microcomputers is shown at the end of this data sheet. The following 
are some of the hardware and software highlights of the EF6805R3 
MCU. 


HARDWARE FEATURES 
@ A/D Converter 
8-Bit Conversion, Monotonic 
4 Multiplexed Analog Inputs 
Ratiometric Conversion 
32 TTL/CMOS Compatible |/O Lines 
24 Bidirectional (8 Lines are LED Compatible) 
8 Input-Only 
3776 Bytes of User ROM 
112 Bytes of RAM 
Self-Check Mode 
Zero-Crossing Detect/Interrupt 
Internal 8-Bit Timer with 7-Bit Software Programmable Prescaler 
and Clock Source 
5 V Single Supply 


P SUFFIX 
PLASTIC PACKAGE 


CB-521 


FN SUFFIX 
PLCC44 


PIN ASSIGNMENT 


SOFTWARE FEATURES 

@ 10 Powerful Addressing Modes 

@ Byte Efficient Instruction Set with True Bit Manipulation, Bit Test, 
and Branch Instructions 
Single Instruction Memory Examine/ Change 
Powerful Indexed Addressing for Tables 
Full Set of Conditional Branches 
Memory Usable as Register/Flags 


Complete Development System Support on DEV ic 


USER SELECTABLE OPTIONS 
@ 8 Bidirectional !/O Lines with TTL or TTL/CMOS Interface Option 
8 Bidirectional |/O Lines with TTL or Open-Drain Interface Option 
Crystal or Low-Cost Resistor Oscillator Option 
Low Voltage Inhibit Option 
Vectored Interrupts: Timer, Software, and External 
User Callable Self-Check Subroutines 


24 1] PDO/ ANO 
PD6/INT2U 231] PD1/AN1 
PD5/VaHO19 22] PD2/AN2 
PD4/VR_ G20 ry PD3/AN3 


DEVICE ® js THOMSON SEMICONDUCTEURSG’ development/emulation tool. 





SEPTEMBER 1986 1/28 


43, Avenue de !’Europe - 78140 VELIZY-VILLACOUBLAY/FRANCE - Tel. : (1) 39.46.97.19 - Telex TCSF 204780F - Telecopie : (1) 39.46.52.64 


2-301 


EF6805R3 





2 
a 


, ae XTAL EXTAL RESET 
mer 
TIMER ; Prescaler é Counter 


=azZi Mux 
CPU Ps 
Control . f 
PDO/ANO 
ii PD1/AN1 
PTT PD2/AN2 Port 
PTT PD3/AN3 a 
eS ee 
Lines 


PAO 

PAI Accumulator 
Port pa2 Port | Data 
A PAB A Dir 
VO PAg Reg Reg 
Lines PAs 

PAB 

PA7 

el ee 


i a ee 













A 


Index 
Register 













Condition 
Code 
Register 









Stack 












i PD7 
= PETRY 
PB <9 D 
a PB2 Port Data Counter Port D 
1/0 ee B Dir High Input 
Lines ee ned Reg Program 
PB6 Counter 
PB7 Low oc; 
1 
Data Port se - 
Dir Cc 


 8776x8 2x8 - Be ae pc4. 1/0 
User ROM ee 4 : PC5 Lines 
192 x8 PC6 
|_Self-Check ROM | m PC7 


FIGURE 1 — EF6805R3 HMOS MICROCOMPUTER BLOCK DIAGRAM 


MAXIMUM RATING 


Supply Voltage | Veo | —0.3 to + 7.0 | 


Input Voltage (Except TIMER in Self-Check 
Mode and Open-Drain Inputs) —0.3 to + 7.0 
Input Voltage (Open-Drain Pins, TIMER Pin 
in Self-Check Mode) —0.3 to + 15.0 
Operating Temperature Range TA 0 to + 70 
—40 to +85 
—40 to + 105 


Vcc 
Vin 
Vin 
(TL to Ty) V suffix 
T suffix 
55 to+150 | °C 
Junction Temperature Ty i 
Plastic Package 











This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electrical fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. For proper operation it is 
recommended that Vin and Voyt be con- 
Strained to the range Vssg S(Vin or Voyt) = 
Vcc. Reliability of operation is enhanced if 















Storage Temperature Range 





unused inputs except EXTAL are tied to an 
appropriate logic voltage level (e.g., either 

PLCC Vss or Vcc). 

THERMAL CHARACTERISTICS 
Characteristic | Unit 
Thermal Resistance 
Plastic 
PLCC 
2/28 
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POWER CONSIDERATIONS 
The average chip-junction temperature, Ty, in °C can be obtained from: 
TJ=TA+ (PD°6JA) (1) 
Where: 

Tas Ambient Temperature, °C 

6) Package Thermal Resistance, Junction-to-Ambient, °C/W 

PD = PINT + PPORT 

PINT=Icc x Vcc, Watts — Chip Internal Power 

PPORT = Port Power Dissipation, Watts — User Determined 


For most applications PPoRT<P|NT and can be neglected. PpoRT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and Ty (if PpoRT is neglected) is: 


Pp=K =(Tj+273°C) (2) 
Solving equations 1 and 2 for K gives: 
K = Ppe(T a + 273°C) + 6s AePp2 (3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 


for aknown Tag. Using this value of K the values of Pp and Ty can be obtained by solving equations (1) and (2) iteratively for any 
value of TA. 


ELECTRICAL CHARACTERISTICS (Vcc =+ 5.25 Vde + 0.5 Vdc, Vgg = 0 Vdc, Ta =TL to Ty Unless Otherwise Noted) 


Input High Voltage Vv 
RESET (4.75 < Vcc S 5.75) 
(Vcc < 4.75) 
INT (4.75 S Vcc S 5.75) 
(Vcc < 4.75) 
All Other (Except Timer) 


| Input High Voltage Timer 
Timer Mode 
Self-Check Mode 


Input Low Voltage 
RESET 
INT 
All Other (Except A/D Inputs) 


RESET Hysteresis Voltages (See Figures 10,11 and 12) 
"Out of Reset” 
“Into Reset”’ 


INT Zero Crossing Input Voitage, Through a Capacitor 


Power Dissipation — (No Port Loading, Vcc = 5.75 V) 


Input Capacitance 
EXTAL 
All Other Except Analog Inputs (See Note) 


Input Current ; 
TIMER (Vj,=0.4 V) 


INT (Vin= 2.4 V to Voc) 
EXTAL (Vin= 2.4 V to Vcc - Crystal Option) 
(Vin= 0.4 V - Crystal Option) 


RESET (Vj,= 0.8 V) - External Capacitor Charging Current 





NOTE : Port D Analog Inputs, when selected, Cj,= 25 pF for the first 5 out of 30 cycles. 
* Due to internal biasing this input (when unused) floats to approximately 2.2 V. 
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SWITCHING CHARACTERISTICS (Voc =+ 5.25 Vde + 0.5 Vdc, Vsg =0 Vdc, Ta =TL to Ty Unless Otherwise Noted) 


tWL. tWH | teyct 250 


fINT 


Crystal Oscillator Start-Up Time * a ae 





* See Figure 16 for typical crystal parameters 


A/D CONVERTER CHARACTERISTICS (Vcc =+ 5.25 Vdc + 0.5 Vdc, Vgg = 0 Vdc, Ta =TL to Ty Unless Otherwise Noted) 


Characteristic 


A/D accuracy may decrease proportionately as 
VRH is reduced below 4.0 V. The sum of Vay and 
VRL must not exceed Vcc 





ee ee 


Port A with CMOS Drive Enabled 


Output High Voltage VOH Vv 
lLoad= —100 BA 2.4 
lLoad= —10 uA Vcc — 1.0 


ae i ee 























Input Low Voltage (VL gag= 500 1s max. vn | ves | 


Port B 









Output Low Voltage 
!Load= 3.2 mA 
ILoad= 10 mA (Sink) 


Output High Voltage || oaq= —200 uA 
Darlington Current Drive (Source) Vo= 1.5 V | JOH 


Input Low Voltage 
High Z State Input Current 














= 
c 
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PORT ELECTRICAL CHARACTERISTICS (Cont‘d) 


Port C and Port A with CMOS Drive Disabled 


Input Low Voltage 
Input Current * 





*PD4/VR_ —PDS/VRH : The A/D conversion resistor (15 kQ typical) is connected internally between these two lines, impacting their use 


as digital inputs in some applications. 


1N916 


or Equiv. 1.45 kQ 


40 pF 
(Total) 


1N4148 
or Equiv. 





FIGURE 2 — TTL EQUIVALENT TEST LOAD 
(PORT B): 


Vcec=5.75V 
1N916 


or Equiv. 2.91 kQ 


1N4148 
or Equiv. 


30 pF 
(Total) 





FIGURE 4 — TTL EQUIVALENT TEST LOAD 
(PORTS A AND C) 


SIGNAL DESCRIPTION 
The input and output signals for the MCU, shown in 
Figure 1, are described in the following paragraphs. 


Vcc AND Vss — Power is supplied to the MCU using 
these two pins. VCC is power and Vss is the ground con- 
nection. 


INT — This pin provides the capability for asynchronously 
applying an external interrupt to the MCU. Refer to Inter- 
rupts Section for additional information. 


Test Point 7 


r pF (Total) 


FIGURE 3 — CMOS EQUIVALENT TEST LOAD 
(PORT A) 





ar 30 pF (Total) 





FIGURE 5 — OPEN - DRAIN EQUIVALENT TEST LOAD 
(PORT C) 


XTAL AND EXTAL — These pins provide control input for 
the on-chip clock oscillator circuit. A crystal, a resistor, or an 
external signal, depending on user selectable manufacturing 
mask option, can be connected to these pins to provide a 
system clock with various degrees of stability/cost tradeoffs. 
Lead length and stray capacitance on these two pins should 
be minimized. Refer to Internal Clock Generator Options 
Section for recommendations about these inputs. 


NOTE:Pin 7 in DIL package/Pin 8 in PLCC package is 
connected to internal protection. 
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TIMER — The pin allows an external input to be used 
to control the internal timer circuitry and also to initiate 
the self test program. Refer to Timer Section for additional 
information about the timer circuitry. 


RESET — This pin allows resetting of the MCU at times 
other than the automatic resetting capability already in the 
MCU. The MCU can be reset by pulling RESET low. Refer to 
Resets Section for additional information. 


INPUT/OUTPUT LINES (PA0-PA7, PB0O-PB7, PCO-PC7, 
PDO-PD7) — These 32 lines are arranged into four 8-bit ports 
(A, B, C, and D). Ports A, B, and C are programmable as 
either inputs or Outputs under software control of the da- 
ta direction registers (DDRs). Port D has up to four analog 
inputs, plus two voltage reference inputs when the A/D 
converter is used (PD5/V RH, PD4/VR_), and an INT2 in- 
put, and from one to eight digital inputs. If any analog 
input is used, then the voltage reference pins (PD5/VRH, 
PD4/Vpr_) must be used in the analog mode. The two 
analog reference inputs are tied together internally with a 
resistor, therefore, if they are both used as digital inputs 
problems may occur. Refer to Input/Output Section, A/D 
Converter Section, and Interrupts Section for additional 
information. 


MEMORY — The MCU is capable of addressing 4096 





ter. The EF6805R3 MCU has implemented 4092 of these 
bytes. This consists of : 3776 user ROM bytes, 192 self- 
check ROM bytes, 112 user RAM bytes, 7 port 1/O bytes, 
2 timer registers, 2 A/D registers, and a miscellaneous re- 
gister ; see Figure 6 for the Address map. The user ROM 
has been split into two areas. The main user ROM area is 
from $080 to $F37. The last 8 user ROM locations at the 
bottom of memory are for the interrupt vectors. 

The MCU reserves the first 16 memory locations for !/O' 
features, of which 12 have been implemented. These loca- 
tions are used for the ports, the port DDRs, the timer, the 
INT2 miscellaneous register, and the A/D. Of the 112 RAM 
bytes, 31 bytes are shared with the stack area. The stack 
must be used with care when data shares the stack area. 

The shared stack area is used during the processing of an 
interrupt or subroutine calls to save the contents of the CPU 
State. The register contents are pushed onto the stack in the 
order shown in Figure 7. Since the stack pointer decrements 
during pushes, the low order byte (PCL) of the program 
counter is stacked first, then the high order four bits (PCH) 
are stacked. This ensures that the program counter is loaded 
correctly during pulls from the stack since the stack pointer 
increments when it pulls data from the stack. A subroutine 
call results in only the program counter (PCL, PCH) contents 
being pushed onto the stack; the remaining CPU registers 
are not pushed. 


bytes of memory and 1/O registers with its program coun- 


1/O Ports 







Timer 

RAM 
127 (128 Bytes) 
128 



















ROM 
(3768 Bytes) 


Self Check 
ROM 
(192 Bytes) 

















4089 Timer Interrupt 

1 = 
Interrupt J 4091 External Interrupt 
Vectors AGT re eee 

pee RESET 

4095 









765 43 210 


























s00 

sor 

02 

a[__ Pon Data | 9008 
4 Port A DDR* $004* 
5] Port B DDR* $005* 
6 Port C DDR* $006 * 

sor 

8 Timer Data Reg $008 

9] Timer Control Reg | $009 *Caution: Data direction registers 
10 SOO0A (DDRs) are write-only; 
. they read as $FF. 
11 $00B 
Not Used 
(3 Bytes) 

$00D 

14] A/D Control Register | $OOE 

A/D Result $O0F 

$010 

(112 Bytes) 
Stack 
(31 Bytes Maximum} 
$07F 


FIGURE 6 — EF6805R3 MCU ADDRESS MAP 
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oa 


Accumulator 


Index Register 


7111 


Push 








3 2 1 =0 Pull 


Condition 
Code Register J1+! 


n+2 


n+3 


PCH* n+4 


n+5 


*For subroutine calls, only PCH and PCL are stacked 


FIGURE 7 ~— INTERRUPT STACKING ORDER 


CENTRAL PROCESSING UNIT 

The CPU of the EF6805 Family is implemented in- 
dependently from the |/O or memory configuration. Conse- 
quently, it can be treated as an independent central pro- 
cessor communicating with |/O and memory via internal ad- 
dress, data, and control buses. 


REGISTERS 


The 6805 Family CPU has five registers available to the 
programmer. They are shown in Figure 8and are explained in 
the following paragraphs. 


ACCUMULATOR (A) — The accumulator is a general pur- 
pose 8-bit register used to hold operands and results of 
arithmetic calculations or data manipulations. 


INDEX REGISTER (X) — The index register is an 8-bit 
register used for the indexed addressing mode. It contains an 
8-bit value that may be added to an instruction value to 
create an effective address. The index register can also be 
used for data manipulations using the read-modify-write in- 
structions. The Index Register may also be used’as a tem- 
porary storage area. 





Index Register 


Program Counter 


Stack Pointer 


FIGURE 8 — PROGRAMMING MODEL 


PROGRAM COUNTER (PC) — The program counter is a 
12-bit register that contains the address of the next instruc- 
tion to be executed. 


STACK POINTER (SP) — The stack pointer is a 12-bit 
register that contains the address of the next free location on 
the stack. During an MCU reset or the reset stack pointer 
(RSP) instruction, the stack pointer is set to location $O7F. 
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The stack pointer is then decremented as data is pushed on- 
to the stack and incremented as data is then pulled from the 
Stack. The seven most significant bits of the stack pointer are 
permanently set to 0000011. Subroutines and interrupts may 
be nested down to location $061 (31 bytes maximum) which 
allows the programmer to use up to 15 levels of subroutine 
calls (less if interrupts are allowed). 
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CONDITION CODE REGISTER . (CC) — The condition 
code register is a 5-bit register in which four bits are used to 
indicate the results of the instruction just executed. These 
bits can be individually tested by a program and specific ac- 
tion taken as a result of their state. Each bit is explained in 
the following paragraphs. 


Half Carry (H) — Set during ADD and ADC operations to 
indicate that a carry occurred between bits 3 and 4. 


Interrupt (i) — When this bit is set, the timer and external 


~ interrupts (INT and INT2) are masked (disabled). If an inter- 


rupt occurs while this bit is set, the interrupt is latched and is 
processed as soon as the interrupt bit is cleared. 


Negative (N) — When set, this bit indicates that the result 
of the last arithmetic, logical, or data manipulation was 
negative (bit 7 in the result is a logical ‘’1°’). 


Zero (Z) — When set, this bit indicates that the result of 
the last arithmetic, logical, or data manipulation was zero. 


’ Carry/Borrow (C) — When set, this bit indicates that a 
carry or borrow out of the Arithmetic Logic Unit (ALU) 
occurred during the last arithmetic operation. This bit is also 
affected during bit test and branch instructions plus shifts 
and rotates. 


TIMER 


The timer circuitry for the EF6805R3 is shown in Fi- 
gure 10. The timer contains a single 8-bit software pro- 
grammable counter with a 7-bit software selectable pres- 


‘caler. The counter may be preset under program control 
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and decrements toward zero. When the counter decre- 
ments to zero, the timer interrupt request bit, i.e., bit 7 of 
the timer control register (TCR), is set. Then if the timer 
interrupt is not masked, i.e., bit 6 of the TCR and the | 
bit in the condition code register are both cleared, the 
processor receives an interrupt. After completion of the 
current instruction, the processor proceeds to store the 
appropriate registers on the stack, and then fetches the 
timer interrupt vector from locations $FF8 and $FF9 in 
order to begin servicing the interrupt. 

The counter continues to count after it reaches zero, 
allowing the software to determine the number of internal 
or external input clocks since the timer interrupt request 
bit was set. The counter may be read at any time by the 
processor without disturbing the count. The contents of 
the counter become stable prior to the read portion of a 
cycle and do not change during the read. The timer inter- 
rupt request bit remains set until cleared by the software. 
If a write occurs before the timer interrupt is serviced, the 
interrupt is lost. TCR7 may also be used as a scanned sta- 
tus bit in a non-interrupt mode of operation (TCR6 = 1). 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. Bit 0, bit 1, and bit 2 
of the TCR are programmed to choose the appropriate 
prescaler output which is used as the counter input. The 
processor cannot write into or read from the prescaler ; 
however, its contents are cleared to all zeros by the write 
operation into TCR when bit 3 of the written data equals 
one, which allows for truncation-free counting. 

The timer input can be configured for three different 
operating modes, plus a disable mode, depending on the 
value written to the TCR4 and TCR®5 control bits. For 
further information see Figure 9. 


Timer Input Mode 1 — If TCR5 and TCR4 are both 
programmed to a zero, the input to the timer is from an 
internal clock and the external TIMER input is disabled. 


The internal clock mode can be used for periodic interrupt - 


generation, as well as a reference in frequency and event 
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measurement. The internal clock is the instruction cycle 
clock. 


Timer Input Mode 2 — With TCR5 =0 and TCR4 = 1, 
the internal clock and the TIMER input pin are ANDed to 
form the timer input signal. This mode can be used to 
measure external pulse widths. The external timer input 
pulse simply turns on the internal clock for the duration 
of the pulse widths. 


Timer Input Mode 3 — If TCR5 = 1 and TCR4 = O, 
then all inputs to the timer are disabled. 


Timer Input Mode 4 — If TCR5 = 1 and TCR4 = 1, 
the internal clock input to the timer is disabled and the 
TIMER input pin becomes the input to the timer. The ex- 
ternal TIMER pin can, in this mode, be used to count ex- 
ternal events as well as external frequencies for generating 
periodic interrupts. 


7 6 5 4 3 2 1 8) 
TCR7ITCR6ITCRS5|TCR4 |TCR3* | TCR2|TCR1] TCRO} $009 
*Write only (read as zero). 


TCR7 — Timer Interrupt Request Bit : 
1 - Set when TDR goes to zero, or under program control 
O - Cleared on external Reset, Power-On-Reset, or under 
Program Control. 


TCR6 — Timer Interrupt Mask Bit : 
1 - Timer Interrupt masked (disabled) Set on external 
Reset, Power-On-Reset, or under Program Control 
0 - Cleared under Program Control. 


TCR5 — External or Internal Clock Source Bit: 
1 - External Clock Source. Set on external Reset, Power 
On-Reset, or under Program Control 
O - Cleared under Program Control. 


TCR4 — External Enable Bit : 
1 - Enable external TIMER pin. Set on external Reset, 
Power-On-Reset, or under Program Control. 
O - Cleared under Program Control. 


0 0 Internal clock to timer 
(@) 1 AND of internal clock and TIMER pin to timer 
1 0] Input to timer disabled 
1 1 TIMER pin to timer 
TCR3 — Timer prescaler reset bit : A read of TCR3 
always indicates a zero. 
1 - Set on external Reset, Power-On-Reset or under 


Program Control. 
0 - Cleared under Program Control. 


TCR2, TCR1, and TCRO — Prescaler address bits : 
1 - All set on external Reset, Power-On-Reset or under 
Program Control. 
0 - Cleared under Program Control. 























0 +4 0 +16 
1 +2 1 + 32 
0 +4 re) + 64 
d +8 1 +128 


FIGURE 9 — TIMER CONTROL REGISTER (TCR) 
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Selected by 
External > TORS TONS 
Input 
OO QO O © O OO) 


internal 
Clock 


Selected by Tc RO 


TER: TCR2 Counted 
8 Bits 
Prescaler 
7 Bits 


Interrupt 
Control! 


Cleared by White Read Interrupt 
TCR3 
\ cesses DERIPPSER Ay OA CESSES 


Software Functions 


FIGURE 10 — TIMER BLOCK DIAGRAM 


NOTES: 


1. Prescaler and 8-bit counter are clocked on the failing edge of the internal clock (AS) or external input 
2. Counter is written to during data strobe (DS) and counts down continuously 


SELF-CHECK 
The self-check capability of the EF6805R3 MCU provi- 
des an internal check to determine if the part is functional. 
Connect the MCU as shown in Figure 11 and monitor the 
output of Port C bit 3 for an oscillation of approximately 
7 Hz. A 10-volt level (through a 10 k resistor) on the timer 
input, pin 8 and pressing then releasing the RESET button, 
energizes the ROM-based sel f-check feature. The sel f-check 
program exercises the RAM, ROM, TIMER,A/D, interrupts, 
and 1/O ports. | 
Several of the self-check subroutines can be called by a 
user program with a JSR or BSR instruction. They are the 
RAM, ROM, and 4-channei A/D tests. The timer routine 
may also be called if the timer input is the internal @2 clock. 
To call those subroutines in customer applications, 
please contact your local THOMSON SEMICONDUC- 
TEURS sales office in order to obtain the complete descrip- 
‘tion of the self-check program and the entrance/exit con- 
ditions. 


RAM SELF-CHECK SUBROUTINE — The RAM self- 
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check is called at location $F84 and returns with the Z bit 
clear if any error is detected ; otherwise the Z bit is set. 
The RAM test causes each byte to count from 0 up to 0 
again with a check after each, count. 


The RAM test must be called with the stack pointer at 
$07F and A = O. When run, the test checks every RAM 
cell except for $07F and $07E which are assumed to 
contain the return address. 

The A and X registers and all RAM locations except 
SO7F and $07E are modified. 


ROM CHECKSUM SUBROUTINE — The ROM self- 
check is called at location $F95. The A register should be 
cleared before calling the routine. If any error is detected, 
it returns with the Z bit cleared ; otherwise Z = 1,X =0 
on return, and A is zero if the test passes. RAM location 
$40 to $043 is overwritten. The cheksum is the comple- 
ment of the execution OR of the contents of the user ROM. 
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+5.25 










PB6 
PB5 


EF6805R3 


PDO/ANO 
PD1/AN1 
PD2/AN2 
PD3/AN3 





a1 { | 


0.1 uF 


* This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected. 
LED Meanings 


Remarks [1:LED ON; 0:LED OFF] 
i ee ee 


Bad 1/0 

Bad Timer 

Bad RAM 

Bad ROM 

Bad A/D 

Bad Interrupts or Request Flag 
Good Device 


All Flashing 
Anything else bad Device, Bad Port C, etc. 





FIGURE 11 — SELF-CHECK CONNECTIONS 


ANALOG-TO-DIGITAL CONVERTER SELF-CHECK— In order to work correctly as a user Subroutine, the internal 
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The A/D self-check is called at location $FAE. It returns 
with the Z bit cleared if any error was found ; otherwise 
the Z*bit is set. The A and X register contents are lost. 
The X register must be set to four before the call. On 
return, X = 8 and A/D channel 7 is selected. The A/D 
test uses the internal voltage references and confirms 
port connections. 


TIMER SELF-CHECK SUBROUTINE — The timer self- 
check is called at location SF6D and returns with the Z bit 
cleared if any error was found; otherwise Z= 1. 
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2 clock must be the clocking source and interrupts must be 
disabled. Also, on exit, the clock is running and the interrupt 
mask is not set so the caller must protect from interrupts if 
necessary. 

The A and X register contents are lost. This routine 
sets the prescaler for divide-by-128 and the timer data 
register is cleared. The X register is configured to count 
down the same as the timer data register. The two regis- 
ters are then compared every 128 cycles until they both 
count down to zero. Any mismatch during the count 
down is considered as an error. The A and X registers are 
cleared on exit from the routine. 
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RESET 


The MCU can be reset three ways : by initial powerup, 
by the external reset input (RESET) and by an optional 
internal low-voltage detect circuit. The RESET input 
consists mainly of a Schmitt trigger which senses the 
RESET line logic level. A typical reset Schmitt trigger 
hysteresis Curve is shown in Figure 12. The Schmitt 
trigger provides an internal reset voltage if it senses a 
logical zero on the RESET pin. 





Power-On Reset (POR) — An internal reset is generated 
upon powerup that allows the internal clock generator to 
stabilize. A delay of tRH{ milliseconds is required before 
allowing the RESET input to go high. Refer to the power 
and reset timing diagram of Figure 13. Connecting a capa- 
citor to the RESET input (as illustrated in Figure 14) ty- 
pically provides sufficient delay. During powerup, the 
Schmitt trigger switches on (removes reset) when RESET 
rises to VIRES,. 





Out 

Of 
Reset 

In 
Reset 

08V 2V 4V 
V 
IRES — Vires + 


FIGURE 12 — TYPICAL RESET SCHMITT 
TRIGGER HYSTERESIS 


CC 


RESET 
Pin 


Internal 
Reset 


“Dip” 
In Power 





FIGURE 13 — POWER AND RESET TIMING 







1.0 LF 
Typical 
7 ale 

POR 


Delay 
Capacitor 


* Disable LVI 


Current 
Limiting 


Charging Y 


Current 
Source 





Strong 
Discharge 
Device 










Low Voltage 
Detector 
0>-1->LVI 
1>0>LVR 


(Optional) 










Internal 
Reset 














Schmitt 
Trigger 





FIGURE 14 — RESET CONFIGURATION 
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External Reset Input — The MCU will be reset if a logi- 
cal zero is applied to the RESET input for a period longer 
than one machine cycle (tcyc). Under this type of reset, 
the Schmitt trigger switches off at Vj} RES— to provide an 
internal reset voltage. 


Low-Voltage Inhibit (LVI) — The optional low-voltage 
detection circuit causes a reset of the MCU if the power 
supply voltage falls below a certain level (VL\yj). The only 
requirement is that VCC remains at or below the VL\y} 
threshold for one teyc minimum. In typical applications, 
the Vcc bus filter capacitor will eliminate negative-going 
voltage glitches of less than one tcyc. The output from the 
low-voltage detector is connected directly to the internal 
reset circuitry. It also forces the RESET pin low via a 
strong discharge device through a resistor. The internal re- 
set will be removed once the power supply voltage rises 
above a recovery level (VLyR), at which time a normal 
power-on-reset occurs. 





INTERNAL CLOCK GENERATOR OPTIONS 


The internal clock generator circuit is designed to re- 
quire a minimum of external components. A crystal, a re- 
sistor, a jumper wire, or an external signal may be used to 
generate a system clock with various stability/cost trade- 
offs. The oscillator frequency is internally divided by four 
to produce the internal system clocks. A manufacturing 
mask option is used to select crystal or resistor operation. 







(See Note) CJ EF6805R3 
EXTAL MCU 
C (Crystal Mask 
L Option) 






Crystal 






External — EF6805R3 ; EF6805R3 
Input (Crystal Mask No (Resistor Mask 
Option) Connection Option) 





External Clock 


R 


The different connection methods are shown in Figure 
15. Crystal specifications and suggested PC board layouts 
are given in Figure 16. A resistor selection graph is given 
in Figure 17. 

The crystal oscillator start-up time is a function of ma- 
ny variables : crystal parameters (especially Rs), oscillator 
load capacitances, IC parameters, ambient temperature, 
and supply voltage. To ensure rapid oscillator start up, 
neither the crystal characteristics nor the load capacitances 


should exceed recommendations. 


When utilizing the on-board oscillator, the MCU should 
remain in a reset condition (reset pin voltage below 
VIRES+) until the oscillator has stabilized at its operating 
frequency. Several factors are involved in calculating the 
external reset capacitor required to satisfy this condition: 
the oscillator start-up voltage, the oscillator stabilization 
time, the minimum V;RES+, and the reset charging current 
specification. 


Once Vcc minimum is reached, the external RESET 
capacitor will begin to charge at a rate dependent on 
the capacitor value. The charging current is supplied from 
Vcc through a large resistor, so it appears almost like a 
constant current source until the reset voltage rises above 
VIRES+. Therefore, the RESET pin will charge at approxi- 
mately : . 

(VIRES+)¢Cext = IRES © tRHL 
Assuming the external Capacitor is initially discharged. 





EF6805R3 
MCU 
(Resistor Mask 
Option) 





EXTAL 








Approximately 25% to 50% Accuracy 
Typical toeyc= 1.25 ps 
External Jumper 

















Approximately 10% to 25% Accuracy 
External Resistor 
(Excludes Resistor Tolerance) 


NOTE: The recommended C; value with a 4.0 MHz crystal is 27 pF, maximum, including system distributed capacitance. There is an internal 


capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on each pin 
should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on EXTAL and ap- 
proximately 25 pF on XTAL. The exact value depends on the Motional-Arm parameters of the crystal used. 


FIGURE 15 — CLOCK GENERATOR OPTIONS 
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EXTAL XTAL 


AT — Cut Parallel Resonance Crystal 
Co=7 pF Max 

Freq.=4.0 MHz @ Ci = 24 pF 

Rs =50 ohms Max. 


(b) (c) 







Yj Y, Piezoelectric ceramic resonators 
4 hich have the equivalent speci- 
Cc e OV e wv q 
L YS-HAP Crystal fications may be used instead of 
D) 


“4g 





crystal oscillators. Follow cera- 
mic resonator manufacturer's Cc 
suggestions for Cg, C1, and Rs 
values. 









EXTAL (5) 
Crystal XTAL (6) 
MCU 


EXTAL (5) LJ 
XTAL (6) ( 


NOTE: Keep crystal leads and circuit connections as short as possible. 


FIGURE 16 — CRYSTAL MOTIONAL ARM PARAMETERS 
AND SUGGESTED PC BOARD LAYOUT 


o ~ & 
o> 0 8 


dd 
ro) 


= 
° 


Oscillator Frequency (MHz) 
N b 
roo) roo) 


—_ 
ro) 





oO 


¢] 10 20 30 40 50 60 70 80 
Resistance (kQ) 


FIGURE 17 — TYPICAL FREQUENCY SELECTION FOR RESISTOR 
(OSCILLATOR OPTION) 
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INTERRUPTS 


The microcomputers can be interrupted four different 
ways : through the external interrupt (INT) input pin, the 
internal timer interrupt request, the external port D bit 6 
(INT2) input pin, or the software interrupt instruction 
(SWI). When any interrupt occurs : the current instruc- 
tion (including SWI) is completed, processing is suspended, 
the present CPU state is pushed onto the stack, the inter- 
rupt bit (Il) in the condition code register is set, the ad- 
' dress of the interrupt routine is obtained from the appro- 
priate interrupt vector address, and the interrupt routine 
is executed. Stacking the CPU register, setting the | bit, 
and vector fetching require a total of 11 teyc periods 
for completion. A flowchart of the interrupt sequence 
is shown in Figure 18. The interrupt service routine must 






11 (in CC) 
O7F >SP 
0>DDRs 
CLR INT Logic 

_ FF Timer 
7F — Prescaler 

7F—>TCR 
7F >MR 















Put FFE on: 
Address Bus 





Instruction 










RESET 
Pin = Low 
RESET Is Fetched 
Pin =High Instruction 
on SWI ? 
Load PC 
From 

FFE/FFF 
Execute All 
Instruction 

Cycies 





Clear 









end with a return from interrupt (RTI) instruction which 
allows the MCU to resume processing of the program prior 
to the interrupt (by unstacking the previous CPU state). 
Unlike RESET, hardware interrupts do not cause the cur- 
rent instruction execution to be halted, but are considered 
pending until the current instruction execution is complete. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and if unmasked, 
proceeds with interrupt processing ; otherwise the next 
instruction is fetched and executed. Note that masked 
interrupts are latched for later interrupt service. 


If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the exter- 
nal interrupt is serviced first. The SWI is executed as any 
other instruction. 





Clear Stack 
INT INT PC, X, A, CC 
Request 












Latch 





17 | 









Load PC From: 
SWI: FFC/FFD! 
INT: FFA/FFB 
‘Timer or 


INT2: FF8/FF9 













PC PC +1 


FIGURE 18 — RESET AND INTERRUPT PROCCESSING FLOWCHARD 
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NOTE 


The timer and INT2 interrupts share the same vector 
address. The interrupt routine must determine the sour- 
ce by examining the interrupt request bits (TCR b7 and 
MR b7). Both TCR b7 and MR b/7 can only be written 
to zero by software. 


The external interrupt, INT and INT2, are synchroni- 
zed and then latched on the falling edge of the input 
signal. The INT2 interrupt has an interrupt request bit 
(bit 7) and a mask bit (bit 6) located in the miscellaneous 
register (MR). The INT2 interrupt is inhibited when the 
mask bit is set. The INT2 is always read as a digital input 
on port D. The INT2 and timer interrupt request bits, if 
set, cause the MCU to process an interrupt when the con- 
dition code | bit is clear. 








A sinusoidal input signal (f;)77 maximum) can be used 
to generate an external interrupt for use as a zero-crossing 
detector. This allows applications such as servicing time-of- 
day routines and engaging/disengaging ac power control 
devices. Off-chip full wave rectification provides an inter- 
rupt at every zero crossing of the ac signal and thereby 
provides a 2f clock. See Figure 19. 


NOTE 


The INT (pin 3) is internally biased at approximately 
2.2 V due to the internal zero-crossing detection. 


A software interrupt (SWI) is an executable instruction 
which is executed regardless of the state of the | bit in 
the condition code register. SWIs are usually used as break- 
points for debugging or as system calls. 


A/D CONTROL REGISTER (ACR) 
7 6 5 4 3 2 1 0 
a ee ee ee 
Bit 7— Conversion Complete Status Flag: Set when 
conversion is complete; cleared only on a write 


to ACR. 
Readable, not writable. 


Bits 2, 1,0 — A/D input Mux Selection (See Table 2). 
Bits 6, 5, 4, 3 read as ‘’1s’’ — unused bits. 


(a) Zero-Crossing Interrupt 


AC 

Input 
fiINT Max.) 
R<1 MG 
AC Input 
Z210V 


(Current 
( Limiting) 
MCU 


acp-p uF 
N 
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(b) Digital-Signal Interrupt 






EF6805R3 
MCU 


FIGURE 19 — TYPICAL INTERRUPT CIRCUITS 


INPUT/OUTPUT CIRCUITRY 


There are 32 input/output pins. The INT pin may be 
polled with branch instructions to provide an additional 
input pin. All pins on ports A, B, and C are programmable 
as either inputs or outputs under software control of the 
corresponding data direction register (DDR). See below 
\/O port control registers. configuration. The port 1/O 
programming is accomplished by writing the correspon- 
ding bit in the port DDR to a logic one for output or a 
logic zero for input. On reset all the DDRs are initialized 
to a logic zero state, placing the ports in the input mode. 
The port output registers are not initialized on reset and 
should be initialized by software before changing the 
DDRs from input to output. A read operation on a port 
programmed as an output will read the contents of the 
output latch regardless of the logic levels at the output 
pin, due to output loading. Refer to Figure 20. 


PORT DATA REGISTER 


Port A Addr = $000 
Port B Addr = $001 
Port C Addr = $002 
Port D Addr = $003 


PORT DATA DIRECTION REGISTER (DDR) 
7 0 


ee 


(1) Write Only; reads as all ‘’1s" 
(2) 1= Output, O= Input. Cleared to 0 by Reset 
(3) Port A Addr = $004 

Port B Addr = $005 

Part C Addr = $006 
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Data 
Direction Register 


yn 
Cc 
7% oO Latched 
c 3 Output 
2 c Data 
(= 
=o 
Oo 


Bit 














Data Latched 


Direction Output 
Register Data ¥*DDR is a write-only register and reads as all ‘’1s"’ 
Bit Bit ** Ports B, and C are three-state ports. 





Port A has optional internal pullup devices to provide CMOS data 
drive capability. See Electrical Characteristics tables for complete 
information. 


FIGURE 20 — TYPICAL PORT I/O CIRCUITRY 
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All input/output lines are TTL compatible as both 
inputs and outputs. Port A lines are CMOS compatible as 
outputs (mask option) while port B, C, and D lines are 
CMOS compatible as inputs. Port D lines are input only; 
thus, there is no corresponding DOR. When programmed 
as outputs, port B is capable of sinking 10 milliamperes 
and sourcing 1 milliampere on each pin. 


Port D provides the reference voltage, INT2, and multi- 
plexed analog inputs. All of these lines are shared with 
the port D digital inputs. Port D may always be used as 
digital inputs and may also be used as analog inputs pro- 
viding VRH and VR_ are connected to the appropriate 
reference voltages. The VR and VRH lines (PD4 and 
PDS) are internally connected to the A/D resistor. Analog 
inputs may be prescaled to attain the VR, and VRH re- 
commended input voltage range. 


The address map (Figure 6) givesthe addresses of data 
registers and data direction registers. Figure 21 provides 
some examples of port connections. 
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CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write in function, 
they cannot be used to set or clear a single DDR bit 
(all “unaffected” bits would be set). It is recommen- 
ded that all DDR bits in a port be written using a 
single-store instruction. 


The latched output data bit (see Figure 20) must always 
be written. Therefore, any write to a port writes all of 
its data bits even though the port DDR is set to input. 
This may be used to initialize the data register and 
avoid undefined outputs ; however, care must be exercised 
when using read-modify-write instructions, since the data 
read corresponds to the pin level if the DDR is an input 
(zero) and corresponds to the latched output data when 
the DDR is an output (one). 
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(a) Output Modes 










(CMOS Loads) 
PA? PB7 IO=HEEPlh 
PA6 PB6 
PAS PBS 
PAA (1 TTL Load) PB4 
PA3 
ha 2N6386 | Typicat) 

PA2 PB2 

Port A, bit 7 and bit 4 programmed as output. 
PAO Bit 7 driving CMOS toads and bit 4 driving PBO 

one TTL Joad directly using CMOS output op- 

tion, Port B, bit 5 programmed as output, driving Darling- 

ton-base directly. 
PB7 
+ V V 
PB6 
PB5 
PB4 
PB3 CMOS Inverter 
PB2 MC14049/ 14069 
(Typical) 

Pal 
PBO 








@— 10 mA 


Port B, bit 0 and bit 1 programmed as output, driving Port C, bits 0-3 programmed as output, driving CMOS 


LEDs directly. loads, using external pullup resistors (required if Port 
C is open-drain). 


(b) Input Modes 






PB7 

PA7 PRG 

PA6 PBS 

HEP SN74LS04 or MC14069 PBA 

SN74LS04 (Typical) ay (Typical) Ppa 
PA3 PR? 

PA2 PBI 

PAI PBO 


PAO 





PDO/ ANO 
PC7 
MC 14069 PD1/AN1 
; ° PC6 
(Typical) i PD2/AN2 
. PC5 PD3/AN3 
e 
“ PC3 VRH 
e 
LS PC2 PDG/INT2 
SN74LS04 PCl PD7 
(Typical) 





CMOS and TTL driving Port C directly. Port D used as 4-channel A/D input with bit 7 used as 
CMOS digital input. 


FIGURE 21 — TYPICAL PORT CONNECTIONS 


17/28 


THOMSON SEMICONDUCTEURS 


2-317 








18/28 





EF6805R3 


ANALOG-TO-DIGITAL COUVERTER ~VeRH-VRL/2, VRH-VRL/4, and V__i). The accuracy of 
The EF6805R2 has an 8-bit analog-to-digital (A/D) these internal channels will not necessarily meet the accu- 
converter implemented on the chip using a successive ap- _ "@CY Specifications of the external channels. 


proximation technique, as shown in Figure 22. Up to four The multiplexer selection is controlled by the A/D con- 
external analog inputs, via port D, are connected to the __ trol register (ACR) bitsO, 1, and 2 ; see Table 1. This regis- 
A/D through a multiplexer. Four internal analog channels __ ter is cleared during any reset condition. 


may be selected for calibration .purposes (VRH-VRL, 
Ep 


Logic 






PDS/VrH 
PD4/VaL 


PDO/ANO 
PD1/AN1 
PD2/AN2 
PC3/AN3 





A/D 
Control 
Register 


0 
A/D 
Register 


MISCELLANEOUS REGISTER (MR) 
7 6 0 
s008 
MR7 Bit 7—INT2 Interrupt Request Bit: Set when fall- 
ing edge detected on INT2 pin, must be 
cleared by software. Cleared to 0 by Reset 
MR6 Bit 6— INT2 Interrupt Mask Bit: 1= INT2 Interrupt 


masked (disabled). Set to 1 by Reset. 
* internal (Calibration) levels MR Bits 5, 4, 3, 2, 1, O— Read as “1s” — unused bits. 


0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 





A/D RESULT REGISTER (ARR) 


7 0 
= 


Whenever the ACR is written, the conversion in progress analog input will appear approximately like a 25 picofarad 
is aborted, the conversion complete flag (ACR bit 7) is (maximum) capacitor (plus approximately 10 pF for 
cleared, and the selected input is sampled for five machine packaging) charging through a 2.6 kiloohm resistor (typi- 
cycles and held internally. During these five cycles, the: cal). Refer to Figure 23. 


TABLE 1 — A/D INPUT MUX SELECTION 


Device 2.6 kQ (Typical) 
Analog 
Input 
+ 25 pF (Maximum) 


Channel = Virtual 
Select Ground 


FIGURE 23 ~ EFFECTIVE ANALOG INPUT IMPEDANCE (DURING SAMPLING ONLY) 
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The converter operates continuously using 30 machine 
cycles to complete a conversion of the sampled analog 
input. When the conversion is complete , the digitized 
sample of digital value is placed in the A/D result register 
(ARR), the conversion complete flag is set, the selected 
input is sampled again, and a new conversion is started. 


The A/D is ratiometric. Two reference voltages (VRH 
and VR) are supplied to the converter via port D pins. 
An input voltage equal to VRH converts to $FF (full 
scale) and an input voltage equal to Vat converts to $00. 
An input voltage greater than VRy converts to SFF and 
no overflow indication is provided. Similarly, an input 
voltage less than VR_, but greater than Vss converts to 
$00. Maximum and minimum ratings must not be excee- 
ded. For ratiometric conversion, the source of each analog 
input should use VRyH as the supply voltage and be refe- 


Converter 
Output 
(Hex) 


FF. 
FE 


Ver 1x 2x 3x 4x 5x 6x 








renced to VR. To maintain the full accuracy on the A/D, 
V RH should be equal to or less than Vpp, VR{t should be 
equal to or greater than Vss but less than the maximum 
specification and (VRH-VRL) should be equal to or grea- 
ter than 4 volts. 


The A/D has a built-in 1/2 LSB offset intended to re- 
duce the magnitude of the quantizing error to + 1/2 LSB, 
rather than + 0, — 1LSB with no offset. This implies that, 
ignoring errors, the transition point from $00 to $01 


. occurs at 1/2 LSB above Vp_. Similarly, the transition 


from $FE to $FF occurs 1 1/2 LSB below VRu, ideally. 
Refer to Figure 24 and 25. 


On release of reset, the A/D control register (ACR) is 
cleared therefore after reset, channel zero will be selected 
and the conversion complete flag will be clear. 


Error Convention 


+2 LSBs 


| ere 


+1LSB 





+3/2 LSB 





250x 251x 252x 253x 254x 255x Vey 


a 1. os 


FIGURE 24 — IDEAL CONVERTER TRANSFER CHARACTERISTIC 


(a) Offset Error 





(b) Full Scale Error 





(c) Non-Linearity 





Diaiies Digital Digital 
P Output Output 
FF Pd FF CON a ee eek, ary ee 
a | 
A 1 
| | 
y ! 
\ ' 
1 ) 
' ! 
Analog ) \ Anaio 
(Vv —1LSB) input 00 aoa (Vv 1LSB 
food RH Full RL Non- RH ) 
ositive) Scale Linearity 
Error 
FIGURE 25 — TYPES OF CONVERSION ERRORS 
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BIT MANIPULATION 

The EF6805 R3 has the ability to set or clear any single RAM 
or I/O bit (except the data direction registers) with a single 
instruction (BSET, BCLR) (see Caution below). Any bit in page 
zero can be tested using the BRSET and BRCLR instructions 
and the program branches as a resultof its state. The carry bit 
equals the value of the bit references by BRSET or BRCLR. The 
capability to working with any bit inRAM, ROM, or!/0O allows 
the user to have individual flags in RAM or to handle single 
I/O bits as control lines. 


CAUTION 

. The corresponding data direction registers for ports A, B, and 
C are write-only registers (locations $004, $005, and$006). A 
read operation on these registers is undefined. Since BSET 


* BRSET 2,PORTA, * WAIT FOR READY 
BSET 1, PORTA CLOCK NEXT BIT IN 
BRCLR 0, PORTA, NEXT PICKUP BIT IN C-BIT 

NEXT BCLR 1, PORTA RETURN CLOCK LINE HIGH 
ASR RAMLOC MOVE C-BIT INTO RAM 





and BCLR are read-modify-write functions, they cannot be 
used to set a data direction register bit (all ‘‘unaffected”’ bits 
would be set). It is recommended that all data direction regis- 
ter bits in a port be written using a single-store instruction. 


The coding examples shown in Figure 26 illustrate the use- 
fulness of the bit manipulation and test instruction. Assume 
that the microcomputer is to communicate with an external 
serial device. The external device has a data ready signal, a 
data output line, and a clock line toclock data one bit at a time, 


Jeast significant bit first,out of the device. The microcomputer 


waits until the data is ready, clocks the external device, picks 
up the data in the carry flag, clears the clock line, and finally 
accumulates the data bit in a random-access memory loca- 


tion. 
Serial 
Device 





FIGURE 26 - BIT MANIPULATION EXAMPLE 


ADDRESSING MODES 

The EF6805R3 MCU has ten addressing modes available 
for use by the programmer. They are explained briefly in the 
following paragraphs. For additional details and graphical 
illustrations, refer to the EF6805 Family Users Manual. 

The term ‘effective address” (EA) is used in describing the 
addressing modes. EA is defined as the address from which 
the argument for an instruction is fetched or stored. 

IMMEDIATE — In the immediate addressing mode, the 
operand is contained in the byte immediately following the 
opcode. The immediate addressing mode is used to access 
constants which do not change during program execution 
(e.g., a constant used to initialize a loop counter). 

DIRECT — In the direct addressing mode, the effective 
address of the argument is contained in a single byte follow- 
ing the opcode byte. Direct addressing allows the user to 
directly address the lowest 256 bytes in memory with a single 
2-byte instruction. This address area includes all on-chip 
RAM and !/O registers and 128 bytes of ROM. Direct 
addressing is an effective use of both memory and time. 

EXTENDED — In the extended addressing mode, the ef- 
fective address of the argument is contained in the two bytes 
following the opcode. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single 3-byte instruction. When using the 
assembler, the user need not specify whether an instruc- 
tion uses direct or extended addressing. The assembler 
automatically selects the shortest form of the instruction. 

RELATIVE — The relative addressing mode is only used in 
branch instructions. In relative addressing, the contents of 
the 8-bit signed byte following the opcode (the offset) is 
added to the PC if, and only if, the branch condition is true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from — 126 to +129 from the 
opcode address. The programmer need not worry about 
calculating the correct offset if he uses the assembler, 
since it calculates the proper offset and checks to see if 
it is within the span of the branch. 
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INDEXED, NO OFFSET — In the indexed, no offset 
addressing mode, the effective address of the argument is 
contained in the 8-bit index register. Thus, this addressing 
mode can access the first 256 memory locations. These in- 
structions are only one byte long. This mode is often used to 
move a pointer through a table or to hold the address of a 
frequently referenced RAM or I/O location. 

INDEXED, 8-BIT OFFSET — In the indexed, 8-bit offset 
addressing mode, the effective address is the sum of the 
contents of the unsigned 8-bit index register and the unsign- 
ed byte following the opcode. This addressing mode is 
useful in selecting the kth element in an n element table. 
With this 2-byte instruction, k would typically be in X with 
the address of the beginning of the table in the instruction. 
As such, tables may begin anywhere within the first 256 
addressable locations and could extend as far as location 510 
($1FE is the last location at which the instruction may begin). 

INDEXED, 16-BIT OFFSET — In the indexed, 16-bit offset 
addressing mode, the effective address is the sum of the 
contents of the unsigned 8-bit index register and the two un- 
signed bytes following the opcode. This addressing mode 
can be used in a manner similar to indexed, 8-bit offset ex- 
cept that this 3-byte instruction allows tables to be anywhere. 
in memory. As with direct and extended, the assembler 
determines the shortest form of indexed addressing. 

BIT SET/CLEAR — In the bit set/clear addressing mode, 
the bit to be set or cleared is part of the opcode, and the byte 
following the opcode specifies the direct address of the byte 
in which the specified bit is to be set or cleared. Thus, any 
read/write bit in the first 256 locations of memory, including 
1/O, can be selectively set or cleared with a single 2-byte in- 
struction. 


CAUTION 


The corresponding DORs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. Since 
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BSET and BCLR are read-modify-write in function, 
they cannot be used to set or clear a single DDR bit 
(all ‘unaffected’ bits would be set). It is recommended 
that all DDR bits in a port must be written using a single- 
store instruction. 


BIT TEST AND BRANCH — The bit test and branch 
addressing mode Is a combination of direct addressing and 
relative addressing. The bit which Is to be tested and condi- 
tion (set or clear) is included in the opcode, and the address 
of the byte to be tested is in the single byte immediately 
following the opcode byte. The signed relative 8-bit offset in 
the third byte is added to the PC if the specified bit is set or 
cleared in the specified memory location. This single 3-byte 
instruction allows the program to branch based on the condi- 
tion of any readable bit in the first 256 locations of memory. 
The span of branching is from —125 to + 130 from the op- 
code address. The state of the tested bit is also transferred to 
the carry bit of the condition code registers. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write in function, 
they cannot be used to set or clear a single DDR bit 
(all “unaffected’’ bits would be set). It is recommended 
that all DDR bits in a port must be written using a single- 
store instruction. 


INHERENT -- In the inherent addressing mode, all the in- 
formation necessary to execute the instruction is contained 
in the opcode. Operations specifying only the index register 
or accumulator, as well as control instructions with no other 
arguments, are included in this mode. These instructions are 
one byte long. 


INSTRUCTION SET 

The EF6805R3 MCU has a set of 59 basic instructions, 
which when combined with the 10 addressing modes pro- 
duce 207 usable opcodes. They can be divided into five dif- 
ferent types: register/memory, read-modify-write, branch, 
bit manipulation, and control. The following paragraphs 
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briefly explain each type. All the instructions within a given 
type are presented in individual tables. 


REGISTER/MEMORY INSTRUCTIONS — Most of these 
instructions use two operands. One operand ts either the ac- 
cumulator or the index register. The other operand Is obtain- 
ed from memory using one of the addressing modes. The 
jump unconditional (JMP) and jump to subroutine (JSR) in- 
structions have no register operand. Refer to Table 1. 

READ-MODIFY-WRITE INSTRUCTIONS — These in- 
structions read a memory location or a register, modify or 
test its contents, and write the modified value back to 
memory or to the register; see Caution under Input/Output 
section. The test for negative or zero (TST) instruction is in- 
cluded in the read-modify-write instruction though it does 
not perform the write. Refer to Table 2. 

BRANCH INSTRUCTIONS — The branch instructions 
cause a branch from the program when a Certain condition is 
met. Refer to Table 3. 

BIT MANIPULATION INSTRUCTIONS — The instruc- 
tinns are used on any bit in the first 256 bytes of the memory; 
One group either sets or clears. The other group performs 
the bit test and branch operations. Refer to Table 4. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write in function, 
they cannot be used to set or clear a single DDR bit 
(all “unaffected” bits would be set). It is recommended 
that all DDR bits in a port must be written using a single- 
store instruction. 


CONTROL INSTRUCTION — The control instructions 
control the MCU operations during program execution. 
Refer to Table 5. 

ALPHABETICAL LISTING — The complete instruction set 
is given in alphabetical order in Table 6. 

OPCODE MAP — Table 8 is an opcode map for the in- 
struction used on the MCU. 
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TABLE 1 — REGISTER/MEMORY INSTRUCTIONS 
Addressing Modes 


Indexed Indexed indexed 
immediate Extended (No * letw —. Bit oe (16-Bit see 

























Op Op # # oO OP 
ita Code|Bytes istics as e|/Bytes éanslie lea feel Code vise 
wa fae 2 {| 2 |esj 2] « [cof 3 | s | ref: | « |ec{2 | s {ools | 6 | 
oti SES ero err oe eres career ere 
fSioreAm Memory [| STA | -|- |] ye7t2}s {co[s | 6 [f|[1]s [e7{2|~« jojs |_| 
[SoreXin Memory | sm [-[-]| -[er{2]s |co[s | «6 |m{[1| 5 |e{2|.«6  |ols|7_ 
[Add MemorytoA | ADD | AB} 2? | 2 | ee, 2 | « | cela | 5 |re{i | 4 |e8{? | 5 [oe] 3 | 6 | 

Add Memory and 

ge a PP 

[Subtract Memory __ | sus [| ao[t 2 [| 2 | Bol 2 | 4 |cof 3 | 5 [rots | 4 | eof 2 {5 [oo[3 | 6 | 

Ranearen "| sce faz] 2} 2 tetel« lols ts [elit « ele | s lols || 
A with Borrow A2 2 2 B2 2 C2 3 F2 E2 2 D2 3 

[AND MemorytoA | ano | aa[ 2 | 2 | ea] 2 | 4 {caf 3 | 5 | rata | 4 [eat 2 | 5 foof3 | 6 | 
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with Memory A3 B3 3 F3 5 D3 3 

vatipescorooo| ov ast 2 | 2 festa | « fesfa | s fe fs|« tole |s fosfs | 6 
A (Logical Compare) AS C5 3 F5 ES 2 D5 3 

[Gump Uncondivonat_| IMP_| — | — | ~ | ac Ree (soe pee pi ie ee ea ae Oe) a ee 

Henpiosawoue | =F -[ ==] = [step 7 potspe pep ry? pepe ye pops ys 


TABLE 2 — READ-MODIFY-WRITE INSTRUCTIONS 








Addressing Modes 


Indexed 
Inherent oe Direct (No ee (8 Bit coe 
Op Op Op Op ae 
Code ee Pelee ea prs oven al prs vees Code gaze og ode ae Geek 


fincrement | INC ac | ot | 7¢ cc 






reef pa 
fopearsritgn tse Tae t fae Pse a fa Pe Pe ee oe 
fAntnmeve sme asa tart 1 | 4 [s7t7 | «tatefe tt) 


Test for Negative 
or Zero 
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TABLE 3 — BRANCH INSTRUCTIONS 








Relative Addressing Mode 


Op # 
Code Bytes 


4 





Cycles 










Branch Never______| SAN | 21 _| 
Branch IFFHigher | BHI {22 | 


Branch|iFFLower or Same 


BranchlFFCarry Clear nods 


BRA 
BHI 
BLS 
he IBLO}S | 5 


BranchliFF Plus 
BranchiFF Minus 


BranchIFFiInterupt Mask - 
Bit 1s Clear 


BranchIiFF interrupt Mask 
Bit is Set BMS 
BranchIFF interrupt Line 
1s Low BIL 
BSR 


6 
7 


2 
2 
2 
2 
(a0) 
2 
2 
2 


8 
29 


Dl > 


i) 


BranchiFFinterrupt Line 
is High 


Branch to Subroutine 


> 


i) NO N NOT RM 
olnm [mm fo fo 
sete PEPER EH Eli 





TABLE 4 — BIT MANIPULATION INSTRUCTIONS 


Addressing Modes 


Bit Set/Clear Bit Test and Branch 
Op # # Op # # 
Function Code Bytes} Cycles} Code Bytes| Cycles 


“pranch iF Ot nieset_| BASETnin=0 NM] — [- | — | zen] 3 | 10 | 
[Branch FF But ns clear | BACLAnin=0 | — [| - | — |or-2en]_3 | 10 | 
[Sepin | astTnm=0  [wreen[ 2 | 7 | = ~- | 
ee ee 







TABLE 5 — CONTROL INSTRUCTIONS 


Op # 
Code Bytes 
Transfer A to X. 97 1 


Transfer X toA 


Set Carry Bit | SEC 
Clear Carry Bit 
Set Interrupt Mask Bit 
















T 
T 


No-Operation 


ax | 97_| 
XA 
sec_| 99 | 
cc | 98 _| 
sei 98 
cui 
Swi 
ATS 
an | 80 _| 
ASP 
| 90 
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Condition Code 


E F6805R3 


TABLE 6 — INSTRUCTION SET 
Addressing Modes 
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C Carry/Borrow 
e Not Affected 


H_ Half Carry (From Bit 3) 


| Interrupt Mask 
N Negative (Sign Bit) 


Condition Code Symbols: 
Z Zero 
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TABLE 6 — INSTRUCTION SET (CONTINUED) 


Addressing Modes Condition Code 


Bit Bit 
Indexed |Indexed| Indexed|Set/ | Test & 

Extended | Relative|(No Offset) | (8 Bits) |(16 Bits)iClear | Branch C 
toma) eee aes 


aE 
jelele 
AIA 





Condition Code Symbols: 


H_ Half Carry (From Bit 3) C Carry/ Borrow 

| Interrupt Mask A Test and Set if True, Cleared Otherwise 
N Negative (Sign Bit) © Not Affected 

Z Zero ? Load CC Register From Stack 


EF6805 HMOS FAMILY 













| 28 | 40 
On-Chip User ROM (Byiesh | 4006 | 1100 [1796 | 2088 | 3776 [2508 
Yes |_None_| 
2 
| None | 


Wone | 
20 [20 | 4 Esa 
Unidirectional 1/O Lines | None | None | None | None | 6 inputs | 
Other 1/0 Features Timer | Timer,A/D|Timer,A/D|Timer, PLL| Timer 
| No | No | No TNo [No T No [ No | 


TOP and WAIT 


| HMOs | 
| 40 | 8 
| 12 


” 
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TABLE 7 — 6805 HMOS FAMILY INSTRUCTION SET OPCODE MAP 


Read-Modify-Write 
[ OR | INH | INH | ix1 | IX | INH | N 


[Bi Manip 
: P| oie 
SE to 4 0 
2 





a 
'BRSETO " BSETO 


SBC 


ee 
IMM 
en INH ue INH IMM 
0100 1 1 INH IMM 
INH INH IMM 
i 1 INH INH 


4 6 
NH fot INH 1X1 {x “ee IMM 
4 
eee 


ai— 


? 2 2 
pai : ix $ INH | 2 IMM 
xt ft ix 1 INH | 2 IMM 
IMM 
ae 


| AA maCER HE 
. ae MIM OIR_ | 3 


* AND AND 


5 
a a 
penitent ienle a 


rer Ane 





CPX CPX 
Ri 3 EXT | 3 1x 


DiFs EXT 0100 


Tals ahs OT ae 


fais 3 “xt Ny ar 1 
5 4 


Pee 


EOR 


ORA 
O'R | 3 bers 3 ore 


€4S08943 


cn 
EXT 


wal ely aly ald 
EXT IX2] 2 


ast } TSTA j — ae aa 1 Ix INH re 3 ay Hid 2 


cot BASE " BSET7 
BSC INH INH 


Abbreviations for Address Modes 


INH inherent 

IMM Immediate 

DIR Direct 

EXT Extended # of Cycles 
REL Relative Mnemonic 
BSC Bit Set/ Clear Bytes 
BTB Bit Test and Branch 

IX Indexed (No Offset) 

xX indexed, 1 Byte (8-Bit) Offset 


IX2 Indexed, 2 Byte (16-Bit) Offset 





erecta a 
IMM EXT 
INH on ar 2 na 


LEGEND 


Opcode in Hexadecimal 


Opcode in Binary 


Address Mode 
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PHYSICAL DIMENSIONS 


(1). Nominal dimension 
(2) True geometrical position 


40 pins 
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P SUFFIX 
PLASTIC PACKAGE 


CB-521 
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nc (js 38 [J PA2 
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PCO [j 10 36 {Jj PAO 
PC1L}11 35 | J PB7 
PC2Q12 EF6805R3 34 [) PB6 
PC3 13 33 [] PBS 
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PC5 (115 311] PB3 
NC (16 30 |) PB2 
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ORDERING INFORMATION 


The information required when ordering acustom MCU 
is listed below. The ROM program may be transmitted to 
THOMSON SEMICONDUCTEURS on EPROM(s) or an 
EFDOS/MDOS* disk file. 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact your local THOMSON SEMICONDUC- 
TEURS representative or distributor. 


EPROMs 

Two (2716 or one ‘2732 type EPROMs, program- 
med with the customer program (positive logic sense for 
address and data), may be submitted for pattern generation. 
The EPROM must be clearly marked to indicate which 
EPROM corresponds to which address space. The recom- 
mended marking procedure is illustrated below : 


080 800 


XXX = Customer ID 


After the EPROM(s) are marked, they should be placed in 
conductive IC carriers and securely packed. Do not use 
styrofoam. 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are fil- 
ed for contractual purposes and are not returned. A com- 
puter listing of the ROM code will be generated and returned 
along with a listing verification form. The listing should be 
thoroughly checked and the verification form completed, 
signed, and returned to THOMSON SEMICONDUC- 
TEURS. The signed verification form constitutes the 


contractual agreement for creation of the customer mask. 
If desired, THOMSON SEMICONDUCTEURS will pro- 
gram on blank EPROM from the data file used to create 
the custom mask and aid in the verification process. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the.customer’s ROM pattern will be 
sent for program verification. These units will have been 
made ‘using the custom mask but are for the purpose of 
ROM verification only. For expediency they are usually un- 
marked, packaged in ceramic, and tested only at room 
temperature and 5 volts. These RVUs are included in the 
mask charge and are not production parts. The RVUs are 
thus not guaranteed by THOMSON SEMICONDUC- 
TEURS. Quality Assurance, and should be discarded 
after verification is completed. 


FLEXIBLE DISKS 


The disk media submitted must be single-sided, EF DOS/ 
MDOS* compatible floppies. 

The customer must write the binary file name and compa- 
ny name on the disk with a felt-tip-pen. The minimum 
EFDOS/MDOS* system files, as well as the absolute 
binary object file (Filename .LO type of file) from the 
6805 cross assembler, must be on the disk. An object file 
made from a memory dump using the ROLLOUT com- 
mand is also acceptable. Consider submitting a source 
listing as well as the following files : filename .LX (DEVI- 
CE/EXORciser loadable format) and filename .SA (ASCII 
Source Code). These files will of course be kept confiden- 
tial and are used 1) to speed up the process in-house if any 
problems arise, and 2) to speed up the user-to-factory 
interface if the user finds any software errors and needs 
assistance quickly from THOMSON SEMICONDUC- 
TEURS factory representatives. 

EFDOS is THOMSON SEMICONDUCTEURS’ Disk 
Operating System available on development systems 
such as DEVICE... 

MDOS* is MOT.OROLA's Disk Operating System available 
on development systems such as EXORciser.... 


*Requires prior factory approval. 


Whenever ordering a custom MCU is required, please contact your local THOMSON SEMICONDUCTEURS representa- 
tive or THOMSON SEMICONDUCTEURS distributor and/or complete and send the attached ‘MCU customer ordering 
sheet’’ to your local THOMSON SEMICONDUCTEURS representative. 


E XORciser is a registered trademark of MOTOROLA Inc. 


ORDERING INFORMATION 


EF6805R3 ,|C\,V 
Device | | —_ Screening level 
Package Oper. temp. 


The table below horizontally shows all available suffix combinations for package, operating temperature and screening 
level. Other possibilities on request. 


| ss « PACKAGE =——=é=~E:=C™sCéOPPERR. TEMP SCREENING LEVEL 


DEVICE 


EF6805R3 


Examples : EF6805R3P, EF6805R3FN, EF6805R3PV, EF6805R3FNV 


Package: C: Ceramic DIL, J: Cerdip DIL, P: Plastic DIL, E: LCCC, FN: PLCC. 
Oper. temp. : L*: 0°C to +70°C, V: —40°C to +85°C, T:-40°C to + 105°C, *: may be omitted. 
Screening level : Std: (no-end suffix), D: NFC 96883 level D, 

G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level B. 





These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different products. 


Printed in France 
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COMPONENTS EF6805U2 


g \ 8-BIT MICROCOMPUTER 











ADVANCE INFORMATION | 


The EF6805U2 Microcomputer Unit (MCU) is a member of the 6805 
Family of low-cost single-chip Microcomputers. The 8-bit microcomputer 
contains a CPU, on-chip CLOCK, ROM, RAN, 1/0, and TIMER. It is 
designed for the user who needs an economical microcomputer with the 
proven capabilities of the 6800-based instruction set. A comparison of 
the key features of several members of the 6805 Family of microcom- 
puters is shown at the end of this data sheet. The following are some 
of the hardware and software highlights of the EF6805U2 MCU. 


HARDWARE FEATURES 
@ 32 TTL/CMOS Compatible !/O Lines 

24 Bidirectional (8 Lines are LED Compatible) 
8 Input-Only © 

2048 Bytes of User ROM 

64 Bytes of RAM 

Self-Check Mode 

Zero-Crossing Detect/Interrupt 


internal 8-Bit Timer with 7-Bit Mask Programmable Prescaler and 
Clock Source 


@ 5 V Single Supply 


P SUFFIX 
PLASTIC PACKAGE 


CB-521 


> 


L SUFFIX 
PLCC44 


PIN ASSIGNMENT 


SOFTWARE FEATURES 
@ 10 Powerful Addressing Modes 


® Byte Efficient Instruction Set with True Bit Manipulation, Bit 
Test, and Branch Instructions 


Single Instruction Memory Examine/Change 

Powerful Indexed Addressing for Tables 

Full Set of Conditional Branches 

Memory Usable as Register/Flags 

Complete Development System Support on DEVICE®. 


USER SELECTABLE OPTIONS 
@ Internal 8-Bit Timer with Selectable Clock Source (External Timer 

Input or Internal Machine Clock) 
Timer Prescaler Option (7 Bits, 2) 
8 Bidirectional I/O Lines with TTL or TTL/CMOS Interface Option 
8 Bidirectional 1/O Lines with TTL or Open-Drain Interface Option 
Crystal or Low-Cost Resistor Oscillator Option 
Low Voltage Inhibit Option 
Vectored Interrupts Timer, Software, and External 
User Callable Self-Check Subroutines 


PD6/INT2 





DEVICE® is THOMSON SEMICONDUCTEURS’ development/emulation tool. 
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22 XTAL EXTAL RESET NUM INT 
Timer Prescaler met 
Counter 
7 8 


PAO 





PAI Accumulator 
Port paz Port | Data A 
ae don A Dir Index 
PA4 R 
Lines PAs i ar. eos! PDO 
PD1 
ins Condition PD2 
ara PD3 ch 2 
egister cc npu 
PD4 Lines 
PD5 __ 
i ®—PD6/INT2 
PBO poet sep PD7 
Port cB! Program 
B PB2 Port Data | Counter 
0 PB3 B Dir High PCH 
. PB4 Reg Reg oF = 
Lines pps Program 
PB6 Counter 
PB7< Low PCL PCO 
PC1 
Data Port #PC2 Port 
2048 x 8 64x 8 | Reg Reg PC4 /0 
User ROM _RAM < PC5 Lines 
192 x 8 | PC6 
Self-Check ROM | PC7 
FIGURE 1 — EF6805U2 HMOS MICROCOMPUTER BLOCK DIAGRAM 
MAXIMUM RATING 
This device contains circuitry to protect the 
~—0.3 to + 7.0 
Supply.V oltans inputs against damage due to high static 


: A V 
Input Voltage {Except TIMER in Self-Check re voltages or electrical fields; however, it is ad- 
Mode and Open-Drain Inputs) =O:9 104 7:0) ¥ vised that normal precautions be taken to 
z Vv 


Input Voltage (Open-Drain Pins, TIMER Pin avoid application of any voltage higher than 
in Self-Check Mode) —0.3 to + 15.0 maximum rated voltages to this high- 
Operating Temperature Range Oto + 70 ¢ impedance circuit. For proper operation it is 


V suffix —40 to +85 recommended that Vjn and Voyt be con- 
(TL to TH) T suffix —40 to + 105 strained to the range Vsg (Vin oF Voyt) S 








Storage Temperature Range Vcc. Reliability of operation is enhanced if 

r ion T ; T oC unused inputs except EXTAL are tied to an 

seen Seal ne J appropriate logic voltage level (e.g., either 
PLCC Vss oF Vcc). 

THERMAL CHARACTERISTICS 

Thermal Resistance 
Plastic 
PLCC 

2/26 : 
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POWER CONSIDERATIONS 
The average chip-junction temperature, Ty, in °C can be obtained from: 
Ty=Tat (Ppedya) (1) 
Where: 

TamAmbient Temperature, °C 

6j)A = Package Thermal Resistance, Junction-to-Ambient, °C/W 

Po = PINT + PPORT 

PINT™!ICCxVCC, Watts — Chip Internal Power 

Pport ™ Port Power Dissipation, Watts — User Determined 


For most applications PeoRT<PinT and can be neglected. PPoRT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and Ty (if PpORT is neglected) is: 


Pp =K~+ (Tj + 273°C) (2) 
Solving equations 1 and 2 for K gives: 
K = Pos(Ta + 273°C) + djaePp2 (3) 


Where K is a Constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 


for a known Ta. Using this value of K the values of Pp and Ty can be obtained by solving equations (1) and (2) iteratively for any 
value of Ta. 


ELECTRICAL CHARACTERISTICS (Vcc =+ 5.25 Vde + 0.5 Vdc, Vsg =0 Vdc, Ta =TL to Ty Unless Otherwise Noted) 


Input High Voltage 
RESET (4.75 & Voc & 5.75) 
(Vcc < 4.75) 
INT (4.75 SVec € 5.75) 
(Voc < 4.75) 
All Other (Except Timer) 


tnput High Voltage Timer 
Timer Mode 
Self-Check Mode 


Input Low Voltage 
RESET 
INT 
All Other 


RESET Hysteresis Voltages (See Figures 10,11 and 12) 
“Out of Reset” 
“Into Reset’ 


INT Zero Crossing Input Voltage, Through a Capacitor 
Power Dissipation — (No Port Loading, Vcc = 5.75 V) 


Input Capacitance 
EXTAL 
All Other 


Low Voltage Recover 


Low Voltage Inhibit 


Input Current 
TIMER (Vj, 0.4 V) 


INT (Vin= 2.4 V to Vec) 
EXTAL (Viq= 2.4 V to Vcc - Crystal Option) 


(Vin= 0.4 V - Crystal Option) 


RESET (Vin= 0.8 V) - External Capacitor Charging Current 





* Due to internal biasing this input (when unused) floats to approximately 2.2 V. 
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SWITCHING CHARACTERISTICS (Voc =+ 5.25 Vde £0.5 Vde, Vgs = 0 Vde, Ta = TL to TH Unless Otherwise Noted) 


eS 
Cycle Time (4/fosc) | teye | 0.95 
iNT, INT2, and TIMER Pulse Width (See Interrupt Section) tWL. tWH | tcyc* 250 


F Pulse Width 
NT Zero-Crossing Detection Input Frequency 


External Clock Input Duty Cycle (EXTAL) 
Crystal Oscillator Start-Up Time * 


* See Figure 16 for typical crystal parameters 




















PORT ELECTRICAL CHARACTERISTICS (Vcc =+ 5.25 Vde + 0.5 Vdc, Vgg = 0 Vde, Ta =TL to TH Unless Otherwise Noted) 


a 


Port A with CMOS Drive Enabled 




















Output High Voltage , VOH Vv 
ILoad*™ —100 BA 2.4 
ILoad™ —19 BA Vcc — 1.0 

Input Low Voltage (i oaq= —500 1s max. Ves [i oe 


: 3 
> 


High Z State Input Current (Vjpn= 2.0 V to Vcc) Ee | 
High 2 State Input Current (Vj,= 0.4 V) Ne 


A 







EE 


















Port B 
ILoad™ 3.2 mA 
ILoad™ 10 mA (Sink) 
Vutput High Voltage ILoag= —200 uA MoH | 24 
Darlington Current Drive (Source) Vo= 1.5 V | lon =f 1000: f CU 10 mA 
Input High Voltage VIH peer al ed Vcc V 
[inpathew Vole ee 
High Z State Input Current ITS! = 2 10 HA 
Port C and Port A with CMOS Drive Disabled 
| OutputLowVoltageltoads16mA | CV CC 
Wont ieee ee 
| InputLow Voltage ss 


Port C (Open-Drain Option) 
Input High Voltage ViH 


nput Low Voltage 


nput Leakage Current 'LOoD 


Output Low Voltage It oag# 1.6 mA VOL 










n 
” 
; 


input Low Voltage CN A 
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Vcc =5.75V 


1N916 


or Equiv. 1.45 kQ 


40 pF 1N4148 
(Total) or Equiv. 





FIGURE 2 — TTL EQUIVALENT TEST LOAD 
(PORT B) 


Vcc =5.75V 
1N916 


or Equiv. 2.91 ka 


30 pF 1N4148 
(Total) or Equiv, 





FIGURE 4 — TTL EQUIVALENT TEST LOAD 
(PORTS A AND C) 


SIGNAL DESCRIPTION 
The input and output signals for the MCU, shown in 
Figure 1, are described in the following paragraphs. 


Vcc AND Vss — Power is supplied to the MCU using 
these two pins. VCC is power and Vss is the ground con- 
nection. 


INT — This pin provides the capability for asynchronously 
applying an external interrupt to the MCU. Refer to Inter- 
rupts Section for additional information. 


XTAL AND EXTAL — These pins provide control input for 
the on-chip clock oscillator circuit. A crystal, a resistor, or an 
external signal, depending on user selectable manufacturing 
mask option, can be connected to these pins to provide a 
system clock with various degrees of stability/ cost tradeoffs. 
Lead length and stray Capacitance on these two pins should 
be minimized. Refer to Internal Clock Generator Options 
Section for recommendations about these inputs. 


NUM (NOM USER MODE) - This pin is not for user 
application and must be connected to Vgs. 


TIMER — The pin allows an external input to be used 
to control the internal timer circuitry and also to initiate 
the self test program. Refer to Timer Section for additional 
information about the timer circuitry. 


RESET — This pin allows resetting of the MCU at times 
other than the automatic resetting capability already in the 
MCU. The MCU can be reset by pulling RESET low. Refer to 
Resets Section for additional information. 





30 pF (Total) 


Test Point ear 9 





FIGURE 3 — CMOS EQUIVALENT TEST LOAD 
(PORT A) 


Vcc =5.75V 
3.34 ka 


Test 
Point 


4 30 pF (Total) 





FIGURE 5 — OPEN - DRAIN EQUIVALENT TEST LOAD 
(PORT C) 


INPUT/OUTPUT LINES (PAO-PA7, PB0-PB7, PCO-PC7, 
POO-PD7) — These 32 lines are arranged into four 8-bit ports 
(A, B, C, and D). Ports A, B, and C are programmable as 
either inputs or outputs under software contrcl of the da- 
ta direction registers (DDRs). Port D is for digital Input 
only and bit 6 may be used for a second interrupt INT? 
Refer to Input/Output Section and Interrupts Section for 
additional information. 


MEMORY — The MCU is capable of addressing 4096 
bytes of memory and I/O registers with its program coun- 
ter. The EF6805U2 MCU has implemented 2314 of these 
bytes. This consists of: 2048 user ROM bytes, 192 self- 
check ROM bytes, 64 user RAM bytes, 7 port !/O bytes, 2 
timer registers, and a miscellaneous register; see Figure 6 
for the Address map. The user ROM has been split into 
three areas. The main user ROM area is from $080 to 
$SOFF and from $7CO to $F37. The last 8 user ROM loca- 
tions at the bottom of memory are for the interrupt 
vectors. 

The MCU reserves the first 16 memory locations for !/O 
features, of which 10 have been implemented. These 
locations are used for the ports, the port DDRs, the timer 
and the INT2 miscellaneous register, and the 64 RAM 
bytes, 31 bytes are shared with the stack area. The stack 
must be used with care when data shares the stack area. 

The shared stack area is used during the processing of 
an interrupt or subroutine calls to save the contents of the 
CPU state. The register contents are pushed onto the stack 
in the order shown in Figure 7. Since the stack pointer 
decrements during pushes, the low order byte (PCL)of the 
program. 
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000 | O Ports 
Timer 
Page Zero RAM 
Access with (128 Bytes) 
Short 127 
Instructions 128 Page-Zero 
User ROM 
(128 Bytes} 
255 
256 
Not Used 
(1728 Bytes) 
1983 
1984 
Main User 
_ ROM 
{1912 Bytes) 
3895 
3896 
Self-Check 
ROM 
(192 Bytes) 
4087 
eS Timer Interrupt 
Interrupt pi 
Vectors 4092 
4093 
4094 
4095 





Port A Data 
Port B Data | $001 
Port C Data 
Port D Data 
Port A DDR* 
Port B DDR* 
Port C DDR* 
Not Used $007 
$008 
$009 
SOOA 


$00B 


Timer Data Reg 


Timer Control Reg 


Misc Reg 


Reserved 
(53 Bytes) 


$O3F 

$040 
RAM 

(64 Bytes) 


Stack 
(31 Bytes 
Maximum) 


$07F 


*Caution: Data Direction Registers (DDRs) are write-only; they read as SFF. 


FIGURE 6 — EF6805U2 MCU ADDRESS MAP 


76 5 4 





Push 


3.2 1 QO 
Condition 
Code Register 


Pull 







n+} 


n+2 


n+3 


n+4 


n+5 


*For subroutine calls, only PCH and PCL are stacked 


FIGURE 7 — INTERRUPT STACKING ORDER 


CENTRAL PROCESSING UNIT 

The CPU of the EF6805 Family is implemented in- 
dependently from the I/O or memory configuration. Conse- 
quently, it can be treated as an independent central pro- 
cessor communicating with 1/O and memory via internal ad- 
dress, data, and contro! buses. 


REGISTERS 


The 6805 Family CPU has five registers available to the 
programmer. They are shown in Figure 8 and are explained in 
the following paragraphs. 
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ACCUMULATOR (A) — The accumulator is a general pur- 
pose 8-bit register used to hold operands and results of 
arithmetic calculations or data manipulations. 


INDEX REGISTER (X) — The index register is an 8-bit 
register used for the indexed addressing mode. It contains an 
8-bit value that may be added to an instruction value to 
create an effective address. The index register can also be 
used for data manipulations using the read-modify-write in- 
Structions. The Index Register may also be used as a tem- 
porary storage area. 








. EF6805U2 





1 


7 0 
A 
7 0 
ee 

1 8 7 0 
PCH ' PCL Program Counter 


11 54 0 
oPoToT oop Pa] 56 _] sae Pome 





Condition Code Register 


Carry/Borrow 


Interrupt Mask 
Half Carry 


FIGURE 8 — PROGRAMMING MODEL 


PROGRAM COUNTER (PC) — The Program Counter 
is a 12 bit register that contains thé address of the next 
instruction to be executed. 


STACK POINTER (SP)— The stack pointer is a 12-bit 
register that contains the address of the next free location on 
the stack. During an MCU reset or the reset stack pointer 
(RSP) instruction, the stack pointer is set to location $07F. 
The stack pointer is then decremented as data is pushed on- 
to the stack and incremented as data is then pulled from the 
stack. The seven most significant bits of the stack pointer are 
permanently set to 0000011. Subroutines and interrupts may 
be nested down to location $061 (31 bytes maximum) which 
allows the programmer to use up to 15 levels of subroutine 
calls (less if interrupts are allowed). 


CONDITION CODE REGISTER (CC) — The condition 
code register is a 5-bit register in which four bits are used to 
indicate the results of the instruction just executed. These 
bits can be individually tested by a program and specific ac- 
tion taken as a result of their state. Each bit is explained in 
the following paragraphs. 


Half Carry (H) — Set during ADD and ADC operations to 
indicate that a carry occurred between bits 3 and 4. 


Interrupt (1) — When this bit is set, the timer and external 
interrupts (INT and INT2) are masked (disabled). If an inter- 
rupt occurs while this bit is set, the interrupt is latched and ts 
processed as soon as the interrupt bit is cleared. 


Negative (N) — When set, this bit indicates that the result 
of the last arithmetic, logical, or data manipulation was 
negative (bit 7 in the result is a logical 1°’). 


Zero (Z) — When set, this bit indicates that the result of 
the last arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) — When set, this bit indicates that a 
carry or borrow out of the Arithmetic Logic Unit (ALU) 
occurred during the last arithmatic operation. This bit is also 
affected during bit test and branch instructions plus shifts 
and rotates. 
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TIMER 


The timer circuitry for the MC6805U2 is shown in Fig- 
ure 10. The 8-bit counter may be loaded under program 
control and is decremented toward zero by the clock input 
(or prescaler output). When the timer reaches zero, the 
timer interrupt request bit (bit 7) in the timer control reg 
ister (TCR) is set. The timer interrupt can be masked 
(disabled) by setting the timer interrupt mask bit (bit 6)1n 
the TCR. The interrupt bit (I bit) in the condition code 
register also prevents a timer interrupt from being pro- 
cessed. The MCU responds to this interrupt by saving the 
present CPU state on the stack, fetching the timer inter- 
rupt vector from locations $FF8 and $FF9 and executing 
the interrupt routine (see RESET, CLOCK, AND 
INTERRUPT STRUCTURE SECTIONS). The timer 
interrupt request bit must be cleared by software. The 
TIMER and INT2 share the same interrupt vector. The 
interrupt routine must check the request bits to deter- 
mine the source of the interrupt. 


The clock input to the timer can be from an external 
source (decrementing of timer counter occurs on a posi- 
tive transition of the external source) applied to the 
TIMER input pin, or it can be the internal pnase two 
signal. Three machine cycles are required for a change in 
state of the TIMER pin to decrement the timer prescaler. 
The maximum frequency of a signal that can be recog- 
nized by the TIMER pin logic is dependent on the parame- 
ter labeled typ. The pin logic that recognizes the high 
state on the pin must also recognize the low state on the 
pin in order to “‘re-arm”’ the internal logic. Therefore, the 
period can be calculated as follows (assumes 50/50 duty 
cycle for a given period): 


toyc * 2 + 250 ns =period = nea 


The periods is not simply twH + twL. This computation is 
allowable, but it does reduce the maximum allowable 
frequency by defining an unnecessarily longer period 
(250 nanoseconds times two). 
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When the phase two signal is used as the source, itcan be 
gated by an input applied to the TIMER input pin allowing 
the user to easily perform pulse-width measurements. 
The source of the clock input is one of the mask options 
that is specified before manufacture of the MCU. 


NOTE 


For ungated phase two clock input to the timer 
prescaler, the TIMER pin should be tied to Vcc. 


A prescaler option, divide by 2", can be applied to the 
clock input that extends the timing interval up to a maxi- 
mum of 128 counts before decrementing the counter. 
This prescaling mask option is also specified before 
manufacture. To avoid truncation errors, the prescaler is 
cleared when bit 3 of the timer control register is written 
to a logic one (this bit always reads a logic zero). See 
Figure 9. 











o2 
(nternal) 





2' dg 





22 


TIMER 
Input 
Pin 
fee 1 
H ’ 
t 1 
H i 
Because ! 
Manufacturing 


Mask Options 
Write 


SELF-CHECK 
The self-check capability of the EF6805U2MCU provi- 


_ des an internal check to determine if the part is functional. 


Connect the MCU as shown in Figure 11 and monitor the 
output of Port C bit 3 for an oscillation of approximately 
7 Hz. A 10-volt level (through a 10 k resistor) on the timer 
input, pin 8 and pressing then releasing the RESET button, 
energizes the ROM-based sel f-check feature. The self-check 
program exercises the RAM, ROM, TIMER, interrupts, and 
1/0 ports. 

Several of the self-check subroutines can be called by a 
user program with a JSR or BSR instruction. They are the 


RAM, ROM, tests. The timer routine may also be called if 
the timer input is the internal ¢2 clock. 


To call those subroutines in customer applications, 
please contact your local THOMSON SEMICONDUC- 
TEURS sales office in order to obtain the complete descrip- 
tion of the self-check program and the entrance/exit con- 
ditions. 


Prescaler 
2* 25 
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7 6 5 4 3 2 1 0 
ee 
TCR7— Timer Interrupt Request Status Bit: Set when 
TDR goes to zero; must be cleared by software. 
Cleared to 0 by Reset. 

TCR6—Timer Interrupt Mask Bit: 1=tmer inter- 
rupt masked (disabled). Set to 1 by Reset. 

TCR3— Clear prescaler always reads as a 0; clears pre- 
scaler when written to a logic ‘’1'’. 

_TCR Bits 5, 4, 2, 1, O reads *’1s’’— unused bits. 


FIGURE 9 — TIMER CONTROL REGISTER (TCR) 


The timer continues to count past zero, falling through to 
$FF from $00 and then continuing the countdown. Thus, 
the counter can be read at any time by reading the timer 
data register (TDR). This allows a program to determine 
the length of time since a timer interrupt has occurred, 
and not disturb the counting process. 


At power up or reset, the prescaler and counter are initial- 
ized with all logic ones; the timer interrupt request bit 
(bit 7) is cleared and the timer interrupt mask bit (bit 6) is 
set. 

















Timer Timer 
Interrupt interrupt 
Request Mask 





26 2) 






Write 


Internal Data Bus 


FIGURE 10 — TIMER BLOCK DIAGRAM 


Read Read 


RAM SELF-CHECK SUBROUTINE — The RAM self- 

check is called at location $F6F and returns with the Z bit 
clear if any error is detected ; otherwise the Z bit is set. 
The walking diagnostic pattern method is. used’ on the 


EF6805U2. 


The RAM test must be called with the stack pointer at 
$07F. When run, the test checks every RAM cell except for 
$07F and $07E which are assumed to contain the return 
address. 

The A and X registers and all RAM locations except 
$07F and $O7E are modified. 


ROM CHECKSUM SUBROUTINE — The ROM self- 
check is called at location $F8A. If any error is detected, 
it returns with the Z bit cleared ; otherwise Z = 1, X =0 
on return, and A is zero if the test passes. RAM location 
$040 to $043 is overwritten. The checksum is the com- 
plement of the execution OR of the contents of the user 
ROM. 





EF6805U2 


+525 


* 
ion) Ww 


<a 
* Sin 





oOo ws 


= |s |. 





— Tou 
GINO 











EF6805U2 


* This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected. 


FIGURE 11 — SELF-CHECK CONNECTIONS 


LED Meanings 


Remarks (1:LED ON; 0:LED OFF] 












All Flashing 





Bad 1/0 

Bad Timer 
Bad RAM 
Bad ROM 
Bad Interrupts or Request Flag 
Good Device 






Anything else bad Device, Bad Port C, etc. 


TIMER SELF-CHECK SUBROUTINE — The timer self- 
check is called at location $FCF and returns with the Z bit 
Cleared if any error was found; otherwise Z= 1. 

In order to work correctly as a user subroutine, the internal 
$2 clock must be the clocking source and interrupts must be 
disabled. Also, on exit, the clock is running and the interrupt 
mask iS not set so the caller must protect from interrupts if 
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necessary. 


The A and X register contents are lost. The timer self- 
check routine counts how many times the clock counts in 
128 cycles. The number of counts should be a power of 2 
since the prescaler is a power of 2. If not, the timer is 
probably not counting correctly. The routine also detects 
a timer which is not running. 
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RESET 


The MCU can be reset three ways : by initial powerup, 
by the external reset input (RESET) and by an optional 
internal low-voltage detect circuit. The RESET input 
consists mainly of a Schmitt trigger which senses the 
RESET line logic level. A typical reset Schmitt trigger 
hysteresis curve is shown in Figure 12. The Schmitt 
trigger provides an internal reset voltage if it senses a 
logical zero on the RESET pin. 


Out 


Power-On Reset (POR) — An internal reset is generated 
upon powerup that allows the internal clock generator to 
stabilize. A delay of tRHL milliseconds is required before 
allowing the RESET input to go high. Refer to the power 
and reset timing diagram of Figure 13. Connecting a capa- 
citor to the RESET input (as illustrated in Figure 14) ty- 
pically provides sufficient delay. During powerup, the 
Schmitt trigger switches on (removes reset) when RESET 
rises to VIRES4. 


Of 
Reset 
tn 
Reset 


08 V 


2Vv 4V 
iRes— Virnes+ 


FIGURE 12 — TYPICAL RESET SCHMITT 
TRIGGER HYSTERESIS 


RESET 
Pin 


internal 
Reset 
















1.0 UF 
Typical 





fd 
POR - 
Delay 
Capacitor 


* Disable LVI 


Current 
Limiting 


Current 
Source 


“Dip” 


| in Power | 


ae 


FIGURE 13 — POWER AND RESET TIMING 
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Discharge T Vec 


Device Low Voltage 
Detector 

07>1—>LVI 

1>0~>LVR 





(Optional) 


Internal 


Schmitt 
Trigger 


FIGURE 14 — RESET CONFIGURATION 
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External Reset Input — The MCU will be reset if a logi- 
cal zero is applied to the RESET input for a period longer 
than one machine cycle (tcyc). Under this type of reset, 
the Schmitt trigger switches off at Vi RES— to provide an 
internal reset voltage. 


Low-Voltage Inhibit (LVI) — The optional low-voltage 
detection Circuit causes a reset of the MCU if the power 
supply voltage falls below a certain level (Viv). The only 
requirement is that VCC remains at or below the Vi vy} 
threshold for one teye minimum. In typical applications, 
the Vcc bus filter capacitor will eliminate negative-going 
voltage glitches of less than one tcoyc. The output from the 
low-voltage detector is connected directly to the internal 
reset circuitry. It also forces the RESET pin low via a 
strong discharge device through a resistor. The internal re- 
set will be removed once the power supply voltage rises 
above a recovery level (VL\VR), at which time a normal 
power-on-reset occurs. 


INTERNAL CLOCK GENERATOR OPTIONS 


The internal clock generator circuit is designed to re- 
quire a minimum of external components. A crystal, a re- 
sistor, a jumper wire, or an external signal may be used to 
generate a system clock with various stability/cost trade- 
offs. The oscillator frequency is internally divided by four 
to produce the internal system clocks. A manufacturing 
mask option is used to select crystal or resistor operation. 





EF6805U2 


EXTAL MCU 
(Crystal Mask 
Option) 






(See Note) C7) 


Crystal 









External — EF6805U2 
Clock 5_] EXTAL MCU 
Input (Crystal Mask 


Option) 


External Clock 


(See Figure 17) 





The different connection methods are shown in Figure 
15. Crystal specifications and suggested PC board layouts 
are given in Figure 16. A resistor selection graph is given 
in Figure 17. 

The crystal oscillator start-up time is a function of ma- 
ny variables : crystal parameters (especially Rs), oscillator 
load capacitances, 1!C parameters, ambient temperature, 
and supply voltage. To ensure rapid oscillator start up, 
neither the crystal characteristics nor the load capacitances 
should exceed recommendations. 


When utilizing the on-board oscillator, the MCU should 
remain in a reset condition (reset pin voltage below 
VIRES+) until the oscillator has stabilized at its operating 
frequency. Several factors are involved in calculating the 
external reset capacitor required to satisfy this condition: 
the oscillator start-up voltage, the oscillator stabilization 
time, the minimum V|RES4, and the reset charging current 
specification. 


Once VCC minimum is reached, the external RESET 
capacitor will begin to charge at a rate dependent on 
the capacitor value. The charging current is supplied from 
Vcc through a large resistor, so it appears almost like a 
constant current source until the reset voltage rises above 
VIRES +. Therefore, the RESET pin will charge at approxi- 
mately : 

(VIRES+)°Cext = IRES © tRHL 
Assuming the external capacitor is initially discharged. 





EF6805U2 
EXTAL MCU 


(Resistor Mask 
Option) 







Approximately 25% to 50% Accuracy 
External Jumper 











R 
EF6805U2 

5 | EXTAL MCU 
{Resistor Mask 
Option) 


No 
Connection 


Approximately 10% to 25% Accuracy 
External Resistor 
(Excludes Resistor Tolerance) 





NOTE: The recommended C; value with a 4.0 MHz crystal is 27 pF, maximum, including system distributed capacitance. There is an internal 
capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on each pin 
should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on EXTAL and ap- 
proximately 25 pF on XTAL. The exact value depends on the Motional-Arm parameters of the crystal used. 


FIGURE 15 — CLOCK GENERATOR OPTIONS 
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(a) C) 


EXTAL XTAL 


AT — Cut Parallel Resonance Crystal 
Co=7 pF Max 

Freq. = 4.0 MHz @ C, = 24 pF 

Rs = 50 ohms Max. 


(c) 


(c 






Uy, Piezoelectric ceramic resonators 
f 


an 5) Crystal which have the equivalent speci- / 
44 
la He 

















fications may be used instead of 
crystal oscillators. Follow cera- 
mic resonator manufacturer's c 
suggestions for Co, Cz, and Rs 

values. 








SS 


EXTAL (5) 
XTAL (6) 
MCU 


EXTAL (5) LJ 
XTAL (6) 


NOTE: Keep crystal leads and circuit connections as short as possible. 


FIGURE 16 — CRYSTAL MOTIONAL ARM PARAMETERS 
AND SUGGESTED PC BOARD LAYOUT 
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_FIGURE 17 — TYPICAL FREQUENCY SELECTION FOR 
RESISTOR (OSCILLATOR OPTION) 
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INTERRUPTS 


The microcomputers can be interrupted four different 
ways : through the external interrupt (INT) input pin, the 
internal timer interrupt request, the external port D bit 6 
(INT2) input pin, or the software interrupt instruction 
(SWI). When any interrupt occurs : the current instruc- 
tion (including SW!) is completed, processing is suspended, 
the present CPU state is pushed onto the stack, the inter- 
rupt bit (1) in the condition code register is set, the ad- 
dress of the interrupt routine is obtained from the appro- 
priate interrupt vector address, and the interrupt routine 
is executed. Stacking the CPU register, setting the | bit, 
and vector fetching require a total of 11 tcyc periods 
for completion. A flowchart of the interrupt sequence 
is shown in Figure 18. The interrupt service routine must 














1->1 {in CC) 
O7F ~SP 
0~>DORs 
CLR INT Logic 
FF > Timer 
7F -> Prescaler 
7F-~>TCR 
7F MR 









Put FFE on MR7°MI 


Address Bus 


RESET 
Pin = Low 









RESET 


Pin = High 
on SWI ? 


Load PC 
From 
FFE/FFF 


Execute 






(TIMER INT) 
TCRU'TCRG 
MR6 


Instruction 
Is Fetched 


Instruction 


Instruction 





end with a return from interrupt (RTI) instruction which 
allows the MCU to resume processing of the program prior 
to the interrupt (by unstacking the previous CPU state). 
Unlike RESET, hardware interrupts do not cause the cur- 
rent instruction execution to be halted, but are considered 
pending until the current instruction execution is complete. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and if unmasked, 
proceeds with interrupt processing ; otherwise the next 
instruction” is fetched and executed. Note that masked 
interrupts are latched for later interrupt service. 


If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the exter- 
nal interrupt is serviced first. The SWI is executed as any 
other instruction. 


Stack 
PC, X, A, CC 


171 










Load PC From: 


SWI: FFC/FFD' 
INT: FFA/FFB 
Timer or 


INT2: FF8/FF9 








PC +PC +1 


FIGURE 18 — RESET AND INTERRUPT PROCCESSING FLOWCHARD 
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NOTE 


The timer and INT2 interrupts share the same vector 
address. The interrupt routine must determine the sour- 
ce by examining the interrupt request bits (TCR b7 and 
MR b7). Both TCR b7 and MR b7 can only be written 
to zero by software. 


The éxternal interrupt, INT and INT2, are synchroni- 
zed and then latched on the falling edge of the input 
signal. The INT2 interrupt has an interrupt request bit 
(bit 7) and a mask bit (bit 6) located in the miscellaneous 
register (MR). The INT2 interrupt is inhibited when the 
mask bit is set. The INT2 is always read as a digital input 
on port D. The INT2 and timer interrupt request bits, if 
set, cause the MCU to process an interrupt when the con- 
dition code | bit is clear. 


A sinusoidal input signal {fjp)y7 maximum) can be used 
to generate an external interrupt for use as a zero-crossing 
detector. This allows applications such as servicing time-of- 
day routines and engaging/disengaging ac power control 
devices. Off-chip full wave rectification provides an inter- 
rupt at every zero crossing of the ac signal and thereby 
provides a 2f clock. See Figure 19. 


NOTE 


The INT (pin 3) is internally biased at approximately 
2.2 V due to the internal zero-crossing detection. 


A software interrupt (SWI) is an executable instruction 
which is executed regardless of the state of the | bit in 
the condition code register. SWIs are usually used as break- 


- points for debugging or as system calls. 


A/D CONTROL REGISTER (ACR) 

7 6 5 4 3 2 1 0 
ee 
Bit 7—Conversion Complete Status Flag: Set when 

conversion is complete; cleared only on a write 


to ACR. 
Readable, not writable. 


Bits 2, 1,0 — A/D input Mux Selection (See Table 2). 
Bits 6, 5, 4, 3 read as *’ 1s’ — unused bits. 


(a) Zero-Crossing interrupt 


AC 
input 
Max.) 


R<1 MG 
AC Input 


(Current 
Limiting) 


MCU 
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(b) Digital-Signal Interrupt 





cc 
TTL 4.7K 
Level pane 
Digital INT EF6805U2 
MCU 
input 


FIGURE 19 — TYPICAL INTERRUPT CIRCUITS 


INPUT/OUTPUT CIRCUITRY 


There are 32 input/output pins. The INT pin may be 
polled with branch instructions to provide an additional 
input pin. All pins on ports A, B, and C are programmable 
as either inputs or outputs under software control of the 
corresponding data direction register (DDR). See below 
1/O port control registers configuration. The port !/O 
programming is accomplished by writing the correspon- 
ding bit in the port DDR to a logic one for output or a 
logic. zero for input. On reset all the DDRs are initialized 
to a logic zero state, placing the ports in the input mode. 
The port output registers are not initialized on reset and 
should be initialized by software before changing the 
DDRs from input to output. A read operation on a port 
programmed as an output will read the contents of the 
output latch regardless of the logic levels at the output 
pin, due to output loading. Refer to Figure 20. 
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PORT DATA REGISTER 


Port A Addr = $000 
Port B Addr = $001 
Port C Addr = $002 
Port D Addr = $003 


PORT DATA DIRECTION REGISTER (DDR) 
7 0 


(1) Write Only; reads as all ‘'1s’’ 
(2) 1= Output, O= Input Cleared to 0 by Reset 
(3) Port A Addr = $004 

Port B Addr = $005 

Port C Addr = $006 
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Direction Register 
Bi * 


Bit 


%2) 
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£6 Output 
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Ce 
-— 6 

O 


Data Latched 
Direction Output 
Register Data 


Bit Bit 


Output 
State 


0 
1 
High-z ** 


FIGURE 20 — TYPICAL PORT I/O CIRCUITRY 


All input/output lines are TTL compatible as both 
inputs and outputs. Port A lines are CMOS compatible as 
outputs (mask option) while port B, C, and D lines are 
CMOS compatible as inputs. Port D lines are input only; 
thus, there is no corresponding DDR. When programmed 
as outputs, port B is capable of sinking 10 milliamperes 
and sourcing 1 milliampere on each pin. 


The address map (Figure 6) gives tne adaresses of data 
registers and data direction registers. Figure 21 provides 
some examples of port connections. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 








*DDR is a write-only register and reads as all ‘1s’. 


** Ports B, and C are three-state ports. 


Port A has optional internal pullup devices to provide CMOS data 
drive capability. See Electrical Characteristics tables for complete 
information. 


A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write in function, 
they cannot be used to set or clear a single DDR bit 
(all “unaffected” bits would be set). It is recommen- 
ded that all DDR bits in a port be written using a 
single-store instruction. 


The latched output data bit (see Figure 20) must always 
‘be written. Therefore, any write to a port writes all of 
its data bits even though the port DDR is set to input. 
This may be used to initialize the data register and 
avoid undefined outputs ; however, care must be exercised 
when using read-modify-write instructions, since the data 
read corresponds to the pin level if the DDR is an input 
(zero) and corresponds to the latched output data when 
the DDR is an output (one). 


(a) Output Modes 


(CMOS Loads) 


(1 TTL Load) 






Port A, bit 7 and bit 4 programmed as output. 
Bit 7 driving CMOS loads and bit 4 driving 
one TTL load directly using CMOS output op-° 
tion, 
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ig = Heeely 


2N6386 ‘Typicai! 


Port B, bit 5 programmed as output, driving Darling: 
ton-base directly. 
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@—10mA 
















CMOS Inverter 
MC 14049/ 14069 
(Typical 

















Port B, bit 0 and bit 1 programmed as output, driving Port C, bits 0-3 programmed as output, driving CMOS 
LEDs directly. loads, using external pullup resistors (required if Port 
C is open-drain). 
(b) Input Modes 
oe el PB7 
| 40 PA? : PB6 
> =| _39__ J PAS : PBS 
e 
. | 38 | pas SN74LS04 or MC14069 ° Ppa 
e Z e 
SN74LS04 (Typical) ° PAS (Typical) : PBA 
> |_36_ [pas : PB2 
e 
> {_% [Paz : PBI 
° | 34_{ PAI PBO 
os _| ps0 
LU y CMOS or TTL driving Port B directly. 
TTL driving Port A directly. 
i PDO 
PC7 
mci406g © s bee ° PDI 
(Typical) 7 : B55 
2 e 
. ree SN 74LS04 or MC14069 « PD3 
e 
; EA (typical) e PD4 
° PC3 : ene 
e 
ae PC2 : PDG/INT2 | 
SN74LS04 PC1 PD? 
(Typical) 





CMOS and TTL: driving Port C directly. 





CMOS or TTL driving Port D directly 


FIGURE 21 — TYPICAL PORT CONNECTIONS 


BIT MANIPULATION 

The EF6805U2 asthe ability to set or clear any single RAM 
or 170 bit (except the data direction registers) with a Single 
instruction (BSET, BCLR) (see Caution below). Any bit in page 
zero can be tested using the BRSET and BRCLR instructions 
and the program branches as a result of its state. The carry bit 
equals the value of the bit references by BRSET or BRCLR. The 
Capability to working with any bit in RAM, ROM, or1/O allows 
the user to have individual flags in RAM or to handle single 
1/0 bits as control lines. 


CAUTION 

The corresponding data direction registers for ports A, B, and 
C are write-only registers (locations $004, $005, and $006). A 
read operation on these registers is undefined. Since BSET 
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and BCLR are read-modify-write functions, they cannot be 
used to set a data direction register bit (all “unaffected” bits 
would be set). It is recommended that all data direction regis- 
ter bits in a port be written using a single-store instruction. 


The coding examples shown in Figure 22 illustrate the use- 
fulness of the bit manipulation and test instruction. Assume 
that the microcomputer is to communicate with an external 
Serial device. The external device has a data ready signal, a 
data output line, and a clock line toclock data one bit ata time, 
least significant bit firstout of the device. The microcomputer 
waits until the data is ready, clocks the external device, picks 
up the data in the carry flag, clears the clock line, and finally 
accumulates the data bit in a random-access memory loca- 
tion. 
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* BRSET 2,PORTA, * WAIT FOR READY 
BSET 1, PORTA CLOCK NEXT BIT IN 
BRCLR 0, PORTA, NEXT PICKUP BIT IN C-BIT 
NEXT BCLR 1, PORTA RETURN CLOCK LINE HIGH 
ASR RAMLOC MOVE C-BIT INTO RAM 





Serial 


Device 





FIGURE 22 — BIT MANIPULATION EXAMPLE 


ADDRESSING MODES 

The EF6805U2 MCU has ten addressing modes available 
for use by the programmer. They are explained briefly in the 
following paragraphs. For additional details and graphical 
illustrations. refer to the EF6805 Family Users Manual. 

. The term “effective address” (EA) is used in describing the 
addressing modes. EA is defined as the address from which 
the argument for an instruction is fetched or stored. 

IMMEDIATE — In the immediate addressing mode, the 
operand is contained in the byte immediately following the 
opcode. The immediate addressing mode is used to access 
constants which do not change during program execution 
(e.g., a constant used to initialize a loop counter). 

DIRECT — In the direct addressing mode, the effective 
address of the argument is contained in a single byte follow- 
ing the opcode byte. Direct addressing allows the user to 
directly address the lowest 256 bytes in memory with a single 
2-byte instruction. This address area includes all on-chip 
RAM and 1/O registers and 128 bytes of ROM. Direct 
addressing is an effective use of both memory and time. 

EXTENDED — In the extended addressing mode, the ef- 
fective address of the argument is contained in the two bytes 
following the opcode. Instructions with extended addressing 
mode are capable of referenting arguments anywhere in 
memory with a single 3-byte instruction. When using the 
assembler, the user need not specify whether an instruc- 
tion uses direct or extended addressing. The assembler 
automatically selects the shortest form of the instruction. 

RELATIVE — The relative addressing mode is only used in 
branch instructions. In relative addressing, the contents of 
the 8-bit signed byte following the opcode (the offset) is 
added to the PC if, and only if, the branch condition is true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from — 126 to + 129 from the 
opcode address. The programmer need not worry about 
calculating the correct offset if he uses the assembler, 
since it calculates the proper offset and checks to see if 
it is within the span of the branch. 

INDEXED, NO OFFSET — In the indexed, no offset 
addressing mode, the effective address of the argument is 
contained in the 8-bit index register. Thus, this addressing 
mode can access the first 256 memory locations. These in- 
structions are only one byte long. This mode is often used to 
move a pointer through a table or to hold the address of a 
frequently referenced RAM or I/O location. 
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INDEXED, 8-B8IT OFFSET — In the indexed, 8-bit offset 
addressing mode, the effective address is the sum of the 
contents of the unsigned 8-bit index register and the unsign- 
ed byte following the opcode. This addressing mode is 
useful in selecting the kth element in an n element table. 
With this 2-byte instruction, k would typically be in X with 
the address of the beginning of the table in the instruction. 
As such, tables may begin anywhere within the first 256 
addressable locations and could extend as far as location 510 
($1FE is the last location at which the instruction may begin). 

INDEXED, 16-BIT OFFSET — In the indexed, 16-bit offset 
addressing mode, the effective address is the sum of the 
contents of the unsigned 8-bit index register and the two un- 
signed bytes following the opcode. This addressing mode 
can be used in a manner similar to indexed, 8-bit offset ex 

‘cept that this 3-byte instruction allows tables to be anywheie: 
in memory. As with direct and extended, the assembler 
determines the shortest form of indexed addressing. 

BIT SET/CLEAR — In the bit set/clear addressing mode, 
the bit to be set or cleared is part of the opcode, and the byte 
following the opcode specifies the direct address of the byte 
in which the specified bit is to be set or cleared. Thus, any 
read/write bit in the first 256 locations of memory, including 
1/0, can be selectively set or cleared with a single 2-byte in- 
struction. 


CAUTION 


The corresponding DORs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write in function, 
they cannot be used to set or clear a single DDR bit 
(all “unaffected” bits would be set). It is recommen- 
ded that all DDR bits in a port must be written using a 
single-store instruction. 


BIT TEST AND BRANCH — The bit test and branch 
addressing mode is a combination of direct addressing and 
relative addressing. The bit which is to be tested and condi- 
tion (set or clear) is included in the opcode, and the address 
of the byte to be tested is in the single byte immediately 
following the opcode byte. The signed relative 8-bit offset in 
the third byte is added to the PC if the specified bit is set or 
cleared in the specified memory location. This single 3-byte 
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instruction allows the program to branch based on the condi- 
tion of any readable bit in the first 256 locations of memory. 
The span of branching is from — 125 to + 130 from the op- 
code address. The state of the tested bit is also transferred to 
the carry bit of the condition code registers. 


CAUTION 


The corresponding DORs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write in function, 
they cannot be used to set-or clear a single DOR bit 
(all “unaffected” bits would be set). It is recommen- 
ded that all DDR bits in a port must be written using a 
single-store instruction. 


INHERENT — In the inherent addressing mode, all the in- 
formation necessary to execute the instruction is contained 
in the opcode. Operations specifying only the index register 
or accumulator, as well as control instructions with no other 
arguments, are included in this mode. These instructions are 
one byte long. 


INSTRUCTION SET 

The EF6805U2 MCU has a set of 59 basic instructions, 
which when combined with the 10 addressing modes pro- 
duce 207 usable opcodes. They can be divided into five dif- 
ferent types: register/memory, read-modify-write, brarich, 


bit manipulation, and control. The following paragraphs . 


briefly explain each type. All the instructions within a given 
type are presented in individual tables. 


REGISTER/MEMORY INSTRUCTIONS — Most of these 
instructions use two operands. One operand is either the ac- 
cumulator or the index register. The other operand is obtain- 
ed from memory using one of the addressing modes. The 
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jump unconditional (JMP) and jump to subroutine (JSR) in- 
structions have no register operand. Refer to Table'1. 
READ-MODIFY-WRITE INSTRUCTIONS — These in- 
structions read a memory location or a register, modify or 
test its contents, and write the modified value back to 


. memory or to the register; see Caution under Input/Output 


section. The test for negative or zero (TST) instruction is in- 
cluded in the read-modify-write instruction though it does 
not perform the write. Refer to Table 2. 

BRANCH INSTRUCTIONS — The branch instructions 
cause a branch from the program when a certain condition is 
met. Refer to Table 3. 

BIT MANIPULATION INSTRUCTIONS — The instruc- 
tions are used on any bit in the first 256 bytes of the memory; 
One group either sets or clears. The other group performs 
the bit test and branch operations. Refer to Table 4. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. Since 
BSET and B8CLR are read-modify-write in function, 
they cannot be used to set or clear a single DDR bit 
(all “unaffected” bits would be set). It is recommen- 


ded that all DDR bits in a port must be written using a 
single-store instruction. 


CONTROL INSTRUCTION — The control instructions 
control the MCU operations during program execution. 
Refer to Table 5. 

ALPHABETICAL LISTING — The complete instruction set 
is given in alphabetical order in Table 6. 

OPCODE MAP — Table 7 is an opcode map for the in- 
Struction used on the MCU. 
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TABLE 1 — REGISTER/MEMORY INSTRUCTIONS 
Immediate Extended (No Offset) (8-Bit Offset) (16-Bit Offset) 
Code] Bytes} Cycles | Code}Bytes| Cycles | Code/Bytes | Cycles | C-de|Bytes| Cycles | Code|Bytes | Cycles | CodejBytes | Cycles 
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Indexed 


Indexed 
(No Offset) (8 Bit Offset) 
Op | # # Op | # # Op | # # Op | # # Op | #4 # 
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TABLE 3 — BRANCH INSTRUCTIONS 


Relative Addressing Mode 


ee Nae 
. Code Bytes | Cycles 
PBranch Never {SAN [| 21 | 2 [ 4 
[BranchiFFrigher [| enl| 22 | 2 | 4 
BranchiFFLower or Same] 6S | 23 | 2 | 4 | 
fear aes 
[ieranchirFrighe:orSamei] wens) | 24] 2 | 4 
[BranchiFFNot Equal_| @NE | 26 
BranchiFFequal | 8eQ | 27 

rae 


2B 

BranchIFF interupt Mask 
Bit 1s Clear 2C 
2D 
2E 
2F 
AD 








Nh 






to 






NO 





; 






No 











| BM 

bance 
Bit 1s Set BMS 

ki ada uee ae, 
iS Low BIL 

erg Tom _| 
is High BIH 


Branch to Subroutine 


TABLE 4 — BIT MANIPULATION INSTRUCTIONS 


Addressing Modes 


SE PE yg eae gare 
Code Bytes} Cycles} Codé Bytes! Cycles 
aseTain=0 7 a nee 


TABLE 5 — CONTROL INSTRUCTIONS 


| eunetion 
Code Bytes | Cycles 


ome 
SE 
PNP | 
































No-Operation 


ee 
Se eee 
| 99 ft 
oe 
ee 
| 9A tt 
83 fo 
a ee 
ee ae 
a ee 
ee ee 
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TABLE 6 — INSTRUCTION SET 








s|__ol<|</ol<|<lelolelelelelel ele 
° 
et _Ni<l<{<|<{<elelelefe [ele ele! 
82 [e[KI<lelelelelelelelelelo|=le] 5 l<| 
c|_ __—|@ |e /@/elejeleleleleleleelelelejele| |e | |e [ele lee leleleleiele jelelelelelele| 
O| _=|<|<|elele/ejelelelejele/elelelejejelelele lelelelele| jo |e |e |e [0 le |e [e le jojo lejelelelelele 
& <£ 
AR TTLLLEELELLEEET LLL REET 
- © 
2 > 6 
BERIT RTT TTT 





Indexed | Set/ 


sree eee 
SE TAL LEeeereeee reer 
IATITLETHE HHH SHEEEEEETECETTTETCUTTT CTU 
CULT EL ELE Eee LEE 
SCRE 
CEE Et 


Oo oO oa a x Jo ja a. < jo a 
z oO nj{oa{a sé a lwWlo 2/2 |o Oo n 7) 
Ahk F i sebktslesuklee SUL O O10 lw > 3 4 a raed 





aa 
No Offset) | (8 aa (16 es 


Indexed 





( 





Addressing Modes 
Relative 





Extended 





Immediate 
















= 
uJ 
WY 
eat 
fea) 


xOC 





Condition Code Symbols: 


C  Carry/Borrow 


H_ Half Carry (From Bit 3) 


! Interrupt Mask 


A Test and Set if True, Cleared Otherwise 


® Not Affected 


N Negative (Sign Bit) 


Z Zero 


21/26 


THOMSON SEMICONDUCTEURS 


2-349 


EF6805U2 





TABLE 6 — INSTRUCTION SET (CONTINUED) 















Addressing Modes Condition Code 


Bit Bit 
Indexed |Indexed] Indexed|Set/ | Test & 
Extended — aoa Offset) = Bits} aes Bits)j Clear |] Branch 


pf tate 


immediate 
RTI 


SEC 


STX 


AX 


n 
Cc 
wo 


~ 


Condition Code Symbols: 
H Half Carry (From Bit 3) 
| Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 


Carry/ Borrow 

Test and Set if True, Cleared Otherwise 
Not Affected 

Load CC Register From Stack 


“ @>0O 


EF6805 HMOS FAMILY 


‘Unidirectional t/O Lines 
Other 1/O Features 


External Interrupt Inputs 


TOP and WAIT 
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LGE-% 


SUNALINGNODINAS NOSWOHL 


92/7 


TABLE 7 — 6805 HMOS FAMILY INSTRUCTION SET OPCODE MAP 


[__Bk Manipulation | Branch | —_. ar Rivet Modi Witte. ——ag—| Gone _—_—_] Ragister/ Memo 
in aoe Se ee ee 


ge ee ee 


ore NIM sia 
IMM tis re iaaills a 110 
gs INM ei INK IMM oir xT 1X 1 x Oo 
eS whee i J iNb ee 1 1x xT 0100 
4 é 4 
: A] 1A T 1x x t % 010 
4 2 4 6 4 
INH IMM iR xT{J ix iXt ft x 0110 
INH O:A xT 1X Xit t 1x 
6 5 
x 
6 6 4 
INH IMM : ExT | 3 1X2 | 2 xity IX 
wees 2 gone ow { 3 ExT {| 3 1K2 
IMM Dik 
ry é 
INH on 2 re 
INH 
IMM 
INH sae Ts oe 2 aie 


SRT HT 





Abbreviations for Address Modes LEGEND 

INH inherent 

IMM immediate Opcode in Hexadecimal 
DIR Direct Fone 

EXT Extended dil vidoes 
REL Relative Mnemonic Penne 
BSC Bit Set/Clear Bytes 

BTB Bit Test and Branch 

Ix Indexed (No Offset) Address Mode 
IX1 Indexed, 1 Byte (8-Bit) Offset 

1X2 Indexed, 2 Byte (16-Bit) Offset 


cnsos9s a 
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PHYSICAL DIMENSIONS 


CB-182 





(1). Nominal dimension 
(2) True geometrical position 


P SUFFIX 
PLASTIC PACKAGE 


CB-521 







Pin lidentification 





PLCC 44 













a 


WM 


a» 
wa 
iL 
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Y 


MO-047-AC CB-521 
DATA. JEDEC SITELESC 





PC7 [118 
Po7()19 
PD5q2t 
PD4Q 22 
Veg 23 
PD3Q 24 
PD2Q 25 
PD1Q 26 
PDO 27 
PB0(] 2 
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ORDERING INFORMATION 


The information required when ordering acustom MCU 
is listed below. The ROM program may be transmitted to 
THOMSON SEMICONDUCTEURS on EPROM(s) or an 
EFDOS/MDOS* disk file. 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact your local THOMSON SEMICONDUC- 
TEURS representative or distributor. 


EPROMs 

Two 2716 or one’ 2732 type EPROMs, program- 
med with the customer program (positive logic sense for 
address and data), may be submitted for pattern generation. 
The EPROM must be clearly marked to indicate which 
EPROM corresponds to which address space. The recom- 
mended marking procedure is illustrated below : 


080 800 


XXX = Customer ID 


After the EPROM(s) are marked, they should be placed in 
conductive IC carriers and securely packed. Do not use 
styrofoam. 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are fil- 
ed for contractual purposes and are not returned. A com- 
puter listing of the ROM code will be generated and returned 
along with a listing verification form. The listing should be 
thoroughly checked and the verification form completed, 
signed, and returned to THOMSON SEMICONDUC- 
TEURS. The signed verification form constitutes the 


contractual agreement for creation of the customer mask. 
If desired, THOMSON SEMICONDUCTEURS will pro- 
gram on blank EPROM from the data file used to create 
the custom mask and aid in the verification process. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern will be 
sent for program verification. These units will have been 
made using the custom mask but are for the purpose of 
ROM verification only. For expediency they are usually un- 
marked, packaged in ceramic, and tested only at room 
temperature and 5 volts. These RVUs are included in the 
mask charge and are not production parts. The RVUs are 
thus not guaranteed by THOMSON SEMICONDUC- 
TEURS. Quality Assurance, and should be discarded 
after verification is completed. 


FLEXIBLE DISKS 


The disk media submitted must be single-sided, EF DOS/ 
MDOS* compatible floppies. 

The customer must write the binary file name and compa- 
ny name on the disk with a felt-tip-pen. The minimum 
EFDOS/MDOS* system files, as well as the absolute 
binary object file (Filename .LO type of file) from the 
6805 cross assembler, must be on the disk. An object file 
made from a memory dump using the ROLLOUT com- 
mand is also acceptable. Consider submitting a source 
listing as well as the following files : filename .LX (DEV |- 
CE/EXORciser loadable format) and filename SA (ASCII 
Source Code). These files will of course be kept confider- 
tial and are used 1) to speed up the process in-house if any 
problems arise, and 2) to speed up the user-to-factory 
interface if the user finds any software errors and needs 
assistance quickly from THOMSON SEMICONDUC- 
TEURS factory representatives. 

EFDOS is THOMSON SEMICONDUCTEURS’ Disk 
Operating System available on development systems 
such as DEVICE... 

MDOS* is MOT OROLA’s Disk Operating System available 
on development systems such as E XORciser.... 


*Requires prior factory approval. 


Whenever ordering a custom MCU is required, please contact your local THOMSON SEMICONDUCTEURS representa- 
tive or THOMSON SEMICONDUCTEURS distributor and/or complete and send the attached ‘MCU customer ordering 
sheet” to your local THOMSON SEMICONDUCTEURS representative. 


E XORciser is a registered trademark of MOTOROLA Inc. 
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ORDERING INFORMATION 


EF6805U2 ;P)V 


Device Screening level 


Package Oper. temp. 
The table below horizontally shows all available suffix combinations for package, operating temperature and screening 
tevel. Other possibilities on request. 


OPER. TEMP SCREENING LEVEL 


EF6805U2 


Examples : EF6805U2P, EF6805U2FN, EF6805U2PV, EF6805U2FNV. 


Package : C: Ceramic DIL, J: Cerdip DIL, P: Plastic DIL, E: LCCC, FN: PLCC. 
Oper. temp.: L*: 0°C to +70°C, V: —40°C to +85°C, T:-40°C to + 105°C, *: may be omitted. 
Screening level: Std: (no-end suffix), D : NFC 96883 level D, 

G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STOD-883C level B. 





These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different products. 
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ADVANCE INFORMATION 


The EF6805U3 Microcomputer Unit (MCU) is a member of the 
6805 Family of low-cost single-chip Microcomputers. The 8-bit 
microcomputer contains a CPU, on-chip CLOCK, ROM, RAM, 1/0, 
and TIMER. It is designed for the user who needs an economical 
microcomputer with the proven capabilities of the 6800-based 
instruction set. A comparison of the key features of several members of 
the 6805 Family of Microcomputers is shown at the end of this data 
sheet. The following are some of the hardware and software highlights 
of the EF6805U3 MCU. 


HARDWARE FEATURES 


@ 32 TTL/CMOS Compatible I/O Lines 
24 Bidirectional (8 Lines are LED Compatible) 
8 Input-Only 
3776 Bytes of User ROM 
112 Bytes of RAM 


Self-Check Mode 
Zero-Crossing Detect/Interrupt 


Internal 8-Bit Timer with 7-Bit Software Programmable Prescaler 
and Clock Source 
@ 5 V Single Supply 


1 PSUFFIX 
PLASTIC PACKAGE 


FN SUFFIX 
. PLCC44 


SOFTWARE FEATURES PIN ASSIGNMENT 
@ 10 Powerful Addressing Modes 


@ Byte Efficient Instruction Set with True Bit Manipulation, Bit Test, 
and Branch Instructions 


Single Instruction Memory Examine/Change 
Powerful Indexed Addressing for Tables 

Full Set of Conditional Branches 

Memory Usable as Register/ Flags 

Complete Development System Support on Device® 


USER SELECTABLE OPTIONS 


8 Bidirectional I/O Lines with TTL or TTL/CMOS Interface Option 
8 Bidirectional I/O Lines with TTL or Open-Drain Interface Option 
Crystal or Low-Cost Resistor Oscillator Option 

Low Voltage Inhibit Option 

Vectored Interrupts: Timer, Software, and External 

User Callable Self-Check Subroutines 


PD6/INT2 118 


DEVICE ® is THOMSON SEMICONDUCTEURS’ development/emulation tool. 
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: XTAL EXTAL RESET int 
TIMER Prescaler Timer/ 
io 7 8 Counter 


Timer Control 





PAO 
PAI. 
Port PA? Data 
A PAS Dir 
VO PA4 Reg 
Lines PAs 
PAb« 
PA? 
PBO® 
: PBl« 
PB2@- Port | Data 
1/0 BS re a 
«+ 
Lines pps Reg Reg 
PB6 
PB7 


Oscillator 


Accumulator 
















A 





Index 
Register 






Condition 
Code 
Register cc 


Stack 
5 Pointer Sp 


Program 
Counter 
High 
Program 
Counter 
Low 





















PCH 







PCL 


3776 x8 112 x8 
User ROM RAM 
192 x 8 
Self-Check ROM 


+ 
Le) 


Data 
Dir 
Reg 


FIGURE 1 - EF6805U3 HMOS MICROCOMPUTER BLOCK DIAGRAM 


MAXIMUM RATING 










Mode and Open-Drain Inputs) 





_ in Self-Check Mode) 


Operating Temperature Range 
(Ty to TH) 









| Storage Temperature Range 





Junction Temperature 
Plastic Package 
PLCC 





Characteristic 
Thermal Resistance 


Plastic 
PLCC 
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Vee wi 
Input Voltage (Except TIMER in Self-Check 

Vin [a 

Ty 


| Input Voltage (Open-Drain Pins, TIMER Pin 












THERMAL CHARACTERISTICS 





Kanal cos teeaee 
Tap 0 to + 70 : 
—40 to +85 
—40 to + 105 


=C 


V 

V 

Vv 
Cc 


°c/w 
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PDO 
PD1 
PD2 
PD3 


— PD4 


PDS 


Port 


Input 
Lines 


PD6/INT2 


PD7 


PCO 
PC1 
PC2 
PC3 
PC4 
PCS 
PC6 
PC7 


Port 


1/0 
Lines 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electrical fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum 


rated voltages to this high- 


impedance circuit. For proper operation it is 
recommended that Vin and Voyt be con- 
Strained to the range Vsg S(Vjn or Vout) S 
Vcc. Reliability of operation is enhanced if 
unused inputs except EXTAL are tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vcc). 





EF6805U3 





POWER CONSIDERATIONS 
The average chip-junction temperature, Ty, in °C can be obtained from: 
TJ=TA+ (POOJA) (1) 
Where: 

Tam Ambient Temperature, °C 

6) Am Package Thermal Resistance, Junction-to-Ambient, °C/W 

Pp = PINT + PpORT 

Pint™Iccx Vcc, Watts — Chip Internal Power 

PPORT ™ Port Power Dissipation, Watts — User Determined 


For most applications PpoRT<PinT and can be neglected. PPOoRT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and Ty (if PpoRT is neglected) is: 


Ppo=K+(Ty+ 273°C) (2) 
Solving equations 1 and 2 for K gives: 
K = Poe(T a + 273°C) + OjAeP D2 13) 


“Where K is a Constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 
for a known Ta. Using this value of K the values of Pp and TJ can be obtained by solving equations (1) and (2) iteratively for any 
value of Ta. 


ELECTRICAL CHARACTERISTICS (Vcc =+5.25 Vdc + 0.5 Vdc, Vgg =0 Vdc, Ta =TE to Ty Unless Otherwise Noted) 


Characteristic Symbo] Min | Twp | Mx | 


Input High Voltage Vi 
RESET (4.75 < Vee S 5.75) 
(Vcc < 4.75) 


INT (4.75 < Vee & 5.75) 
(Vcc < 4.75) 
All Other (Except Timer) 





Input High Voltage Timer 
Timer Mode 
Self-Check Mode 


Input Low Voltage 
RESET 
INT 
All Other 


RESET Hysteresis Voltages (See Figures 10,11 and 12) 
“Out of Reset” 
“Into Reset’ 


INT Zero Crossing Input Voltage, Through a Capacitor VINT 


Power Dissipation — (No Port Loading, Vcc = 5.75 V) 





Input Capacitance 
EXTAL 
All Other 


Low Voltage Recover VLVR 


Cin 
Low Voltage Inhibit | Vivi 2.75 3.75 


no] 





Input Current 
TIMER (Vin= 0.4 V) 


INT (Vin= 2.4 V to Vcc) 
EXTAL (Vjn= 2.4 V to Vcc - Crystal Option) 


(Vin= 0.4 V - Crystal Option) 


RESET (Vj,= 0.8 V) - External Capacitor Charging Current 


1 = = oi nN 
> fez) 
oO Oo oO oO o 





*Due to internal biasing this input (when unused) floats to approximately 2.2 V. 
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SWITCHING CHARACTERISTICS (Voc =+ 5.25 Vde 0.5 Vde, Vgg = 0 Vde, Ta =TL to Ty Unless Otherwise Noted) 


Characteristic Symbol! | Min | Typ 


Oscillator Frequency 
Cycle Time (4/fosc) 


INT, INT2, and TIMER Pulse Width (See Interrupt Section) 


'T Zero-Crossing Detection Input Frequency 
External Clock Input Duty Cycle (EXTAL) 
Crystal Oscillator Start-Up Time * 





* See Figure 16 for typical crystal parameters 


PORT ELECTRICAL CHARACTERISTICS (Vcc =+ 5.25 Vdc 0.5 Vdc, Vsg =0 Vde, Ta =TL to TH Unless Otherwise Noted) 


Port A with CMOS Drive Enabled 


Output High Voltage VOH 
2.4 
Vcc — 1.0 


ILoad= —100 uA 

WLoad™ —19 HA 
Input Low Voltage (It gag= —500 us max. Pe ME a ee ae ee 
pend 
ant ame 
10 










































Port B 


Output Low Voltage 
! Load = 3. 2 mA 
ILoad™ 10mA (Sink) 


Output High Voltage I_ oaq= —200 uA 
Darlington Current Drive (Source) Vo= 1.5 V 
Input High Voltage 











Ee eee 


Vit 

High Z State Input Current (Vj, = 0.4 V) Ne 
aut Se 
pe NOH | ee 
ine eal 


Vv 
V 
Vv 
A 
A 
Vv 
Vv 
A 
V 
Input Low Voltage [vi | vss = v— 
oa LA 


High Z State Input Current 










Port C and Port A with CMOS Drive Disabled 


Output Low Voltage It oag= 1.6 mA 
Output High Voltage IL oag= —100 uA | You 


VOH | 24 | 
Vv | Vss 


Input Low Voltage a 


2 
| as 
High Z State Input Current ITSI po 


Port C (Open-Drain Option) 
Input High Voltage | vn | 20 | - | 130 | 
Input Low Voltage | vu dt vss | OT 8 


Output Low Voltage I oag= 1.6 mA 





ar a 
ae 
ee 















Input High Voltage 
Input Low Voitage 
Input Current 


Vv 

Vv 

Vv 

Vv 

us 

Vv 

Vv 

LA 
ee eee 
| Min | 200 | 
Vss_ of 
oan “ 


a 
ae 
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Vcc =9.75V 


1N916 
or Equiv. 


Test 


Point 1.45 kQ 


40 pF 
(Total) 


1N4148 
or Equiv. 





FIGURE 2 — TTL EQUIVALENT TEST LOAD 
(PORT B) 


1N916 


or Equiv. 2.91 kQ 


1N4148 
or Equiv. 


30 pF 
(Total) 





FIGURE 4 — TTL EQUIVALENT TEST LOAD 
(PORTS A AND C) 


SIGNAL DESCRIPTION 
The input and output signals for the MCU, shown in 
Figure 1, are described in the following paragraphs. 


Vcc AND Vss — Power is supplied to the MCU using 
these two pins. VCC is power and Vss is the ground con- 
nection. 


INT — This pin provides the capability for asynchronously 
applying an external interrupt to the MCU. Refer to Inter- 
rupts Section for additional information. 


XTAL AND EXTAL — These pins provide control input for 
the on-chip clock oscillator circuit. A crystal, a resistor, or an 
external signal, depending on user selectable manufacturing 
mask option, can be connected to these pins to provide a 
system clock with various degrees of stability/ cost tradeoffs. 
Lead length and stray capacitance on these two pins should 
be minimized. Refer to Internal Clock Generator Options 
Section for recommendations about these inputs. 


NOTE: Pin 7 in DIL package/Pin 8 in PLCC package is 
connected to internal protection. 


TIMER — The pin allows an external input to be used 
to control the internal timer circuitry and also to initiate 
the self test program. Refer to Timer Section for additional 
information about the timer circuitry. 


RESET — This pin allows resetting of the MCU at times 
other than the automatic resetting capability already in the 
MCU. The MCU can be reset by pulling RESET low. Refer to 
Resets Section for additional information. . 


INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC7, 
PDO-PD7) — These 32 lines are arranged into four 8-bit ports 
(A, B, C, and D). Ports A, B, and C are programmable as 
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Test Point ane | 
T 30 pF (Total 





FIGURE 3 — CMOS EQUIVALENT TEST LOAD 
(PORT A) 


Vcc=5./5V 
3.34 kQ 


a ia 30 pF (Total) 





FIGURE 5 — OPEN - DRAIN EQUIVALENT TEST LOAD 
(PORT C) 


either inputs or outputs under software conirc! of the da- 
ta direction registers (DDRs). Port D is for digital input 
only and bit 6 may be used for a second interrupt INT 2. 
Refer to Input/Output Section and Interrupts Section for 
additional information. 


MEMORY — The MCU is capable of addressing 4096 
bytes of memory and 1/O registers with its program coun- 
ter. The EF6805U3 MCU has implemented 4090 of these 
bytes. This consists of : 3776 user ROM bytes, 192 self- 
check ROM bytes, 112 user RAM bytes, 7 port I/O bytes, 
2 timer registers, and a miscellaneous register ; see Figure 6 


_ for the Address map.The user ROM has been split into two 


areas. The main user ROM area is from $080 to $F37. The 
last 8 user ROM locations at the bottom of memory are for 
the interrupt vectors. 

The MCU reserves the first-16 memory locations for 
1/O features, of which 10 have been implemented. These 
locations are used for the ports, the port DDRs, the timer 
and the INT2 miscellaneous register, and the 112 RAM 
bytes, 31 bytes are shared with the stack area. The stack 
must be used with care when data shares the stack area. 


The shared stack area is used during the processing af an 
interrupt or subroutine calls to save the contents of the CPU 
State. The register contents are pushed onto the stack in the 
order shown in Figure 7. Since the stack pointer decrements 
during pushes, the low order byte (PCL) of the program 
counter is stacked first, then the high order four bits (PCH) 
are stacked. This ensures that the program counter is loaded 
correctly during pulls from the stack since the stack pointer 
increments when it pulls data from the stack. A subroutine 
call results in only the program counter (PCL, PCH) contents 
being pushed onto the stack; the remaining. CPU registers 
are not pushed. 
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1/O Ports 
Timer 
RAM 

(128 Bytes) 


Main User 
ROM 
(3768 Bytes) 


Self Check 
ROM 
(192 Bytes) 


Timer Interrupt 


External Interrupt 


SWI 


RESET 


Interrupt 
Vectors 


*Caution: Data direction registers (DDRs) are 


write-only: they read as $FF. 





Port A Data . $000 

Port B Data $001 

2 Port C Data $002 

3 Port D Data $003 
4 Port ADDR* soo4* 
5 Port B DDR* $005* 
6 Port C DDR* $006 * 

7 Not Used $007 

8 Timer Data Reg $008 

9] Timer Control Reg {| $009 

10 Misc Reg $O0A 

11 $00B 

Not used 
(5 bytes) 
SOOF 
$010 
(112 Bytes) 
Stack 
(31 Bytes Maximum). 
$O7F 


FIGURE 6 — EF6805U3 MCU ADDRESS MAP 


0 Pull 


Condition 
ode Register [9+ 1 


Accumulator n+2 


Index Register n+3 


Push 





PCH* n+4 


PCL* n+5 


*For subroutine calls, only PCH and PCL are stacked 


FIGURE 7 — INTERRUPT STACKING ORDER 


CENTRAL PROCESSING UNIT 

The CPU of the EF6805 Family is implemented in- 
dependently from the I/O or memory configuration. Conse- 
quently, it can be treated as an independent central pro- 
cessor Communicating with I/O and memory via internal ad- 
dress, data, and control buses. 


REGISTERS 


The 6805 Family CPU has five registers available to the 
programmer. They are shown in Figure 8 and are explained in 
the following paragraphs. 
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ACCUMULATOR (A) — The accumulator is a general pur- 
pose 8-bit register used to hold operands and results of 
arithmetic calculations or data manipulations. 


INDEX REGISTER (X) — The index register is an 8-bit 
tegister used for the indexed addressing mode. It contains an 
8-bit value that may be added to an instruction value to 
create an effective address. The index register can also be 
used for data manipulations using the read-modify-write in- 
structions. The Index Register may also be used as a tem- 
porary storage area. 
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7 0 
A 

7 0 

eee eee 

7 0 
PCL 


8 


11 


Index Register 


11 54 0 
pofofofofofifry sre 





Stack Pointer 


Condition Code Register 


Carry/ Borrow 


FIGURE 8 — PROGRAMMING MODEL 


PROGRAM COUNTER (PC) — The Program Counter 
is a 12 bit register that contains the address of the next 
instruction to be executed. 


STACK POINTER (SP)— The stack pointer is a 12-bit 
register that contains the address of the next free location on 
the stack. During an MCU reset or the reset stack pointer 
(RSP) instruction, the stack pointer is set to location $07F. 
The stack pointer is then decremented as data is pushed on- 
to the stack and incremented as data is then pulled from the 
stack. The seven most significant bits of the stack pointer are 
permanently set to 0000011. Subroutines and interrupts may 
be nested down to location $061 (31 bytes maximum) which 
allows the programmer to use up to 15 levels of subroutine 
calls (less if interrupts are allowed). 


CONDITION CODE REGISTER . (CC) — The condition 
code register is a 5-bit register in which four bits are used to 
indicate the results of the instruction just executed. These 
bits can be individually tested by a program and specific ac- 
tion taken as a result of their state. Each bit is explained in 
the following paragraphs. 


Half Carry (H) — Set during ADD and ADC operations to 
indicate that a carry occurred between bits 3 and 4. 


Interrupt (1) — When this bit is set, the timer and external 
interrupts (INT and INT2) are masked (disabled). If an inter- 
rupt occurs while this bit is set, the interrupt is latched and is 
processed as soon as the interrupt bit is cleared. 


Negative (N) — When set, this bit indicates that the result 
of the last arithmetic, logical, or data manipulation was 
negative (bit 7 in the result is a logical ‘’1’’). 


Zero (Z) — When set, this bit indicates that the result of 
the last arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) — When set, this bit indicates that a 
carry or borrow out of the Arithmetic Logic Unit (ALU) 
occurred during the last arithmetic operation. This bit is also 
affected during bit test and branch instructions plus shifts 
and rotates. 
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TIMER 


The timer circuitry for the EF6805U3 is shown in Fi- 
gure 10. The timer contains a single 8-bit software pro- 
grammable counter with a 7-bit software selectable pres- 
caler. The counter may be preset under program control 
and decrements toward zero. When the counter decre- 
ments to zero, the timer interrupt request bit, i.e., bit 7 of 
the timer control register (TCR), is set. Then if the timer 
interrupt is not masked, i.e., bit 6 of the TCR and the | 
bit in the condition code register are both cleared, the 
processor receives an interrupt. After completion of the 
current instruction, the processor proceeds to store the 
appropriate registers on the stack, and then fetches the 
timer interrupt vector from locations $FF8 and $FF9 in 
order to begin servicing the interrupt. 

The counter continues to count after it reaches zero, 
allowing the software to determine the number of internal 
or external input clocks since the timer interrupt request 
bit was set. The counter may be read at any time by the 
processor without disturbing the count. The contents of 
the counter become stable prior to the read portion of a 
cycle and do not change during the read. The timer inter- 
rupt request bit remains set until cleared by the software. 
if a write occurs before the timer interrupt is serviced, the 
interrupt is lost. TCR7 may also be used as a scanned sta- 
tus bit in a non-interrupt mode of operation (TCR6 = 1). 

The prescaler is a 7-bit divider which Is used to extend 
the maximum length of the timer. Bit O, bit 1, and bit 2 
of the TCR are programmed to choose the appropriate 
prescaler output which is used as the counter input. The 
processor cannot write into or read from the prescaler ; 
however, its contents are cleared to all zeros by the write 
operation into TCR when bit 3 of the written data equals 
one, which allows for truncation-free counting. 

The timer input can be configured for three different 
operating modes, plus a disable mode, depending on the 
value written to the TCR4 and TCR5 control bits. For 
further information see Figure 9. 


Timer Input Mode 1 — !f TCR5 and TCR4 are both 
programmed to a zero, the input to the timer is from an 
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internal clock and the external TIMER input is disabled. 
The internal clock mode can be used for periodic interrupt 
generation, as well as a reference in frequency and event 
measurement. The internal clock is the instruction cycle 
clock. is 


Timer Input Mode 2 — With TCR5 = 0 and TCR4 = 1, 
the internal clock and the TIMER input pin are ANDed to 
form the timer input signal. This mode can be used to 
measure external pulse widths. The external timer input 
pulse simply turns on the internal clock for the duration 
of the pulse widths. 


Timer Input Mode 3 — If TCR5 = 1 and TCR4 = 0, 
then all inputs to the timer are disabled. 


Timer Input Mode 4 — !f TCR5 = 1 and TCR4 = 1, 
the internal clock input to the timer is. disabled and the 
TIMER input pin becomes the input to the timer. The ex- 
ternal TIMER pin can, in this mode, be used to count ex- 
ternal events as well as external frequencies for generating 
periodic interrupts. 


7 6 5 4 3 2 4 6 
TCRO|$009 


*Write only (read as zero). 


TCR7 — Timer Interrupt Request Bit : 
1 - Set when TDR goes to zero, or under program control 
O - Cleared on external Reset, Power-On-Reset, or under 
Program Control. 


TCR6 — Timer Interrupt Mask Bit : 
1 - Timer Interrupt masked (disabled) Set on external 
Reset, Power-On-Reset, or under Program Control 
0 - Cleared under Program Control. 


Selected by 
External > FERS. TERS 
Input 
@ () ©) @ () O) 
Internal 


Clock 





TCR5 — External or Internal Clock Source Bit : 
1 - External Clock Source. Set on external Reset, Power 
On-Reset, or under Program Control 
0 - Cleared under Program Control. 


TCR4 — External Enable Bit : 
1 - Enable external TIMER pin. Set on external Reset, 
Power-On-Reset, or under Program Control. 
0 - Cleared under Program Control. 


Internal clock to timer 
AND of internal clock and TIMER pin to timer 


Input to timer disabled 
TIMER pin to timer 





TCR3 ~— Timer prescaler reset bit : A read of TCR3 
always indicates a zero. 
1 - Set on external Reset, Power-On-Reset or under 
Program Control. 
O - Cleared under Program Control. 


TCR2, TCR1, and TCRO — Prescaler address bits : 
1 - All set on external Reset, Power-On-Reset or under 
Program Control. 
0 - Cleared under Program Control. 





FIGURE 9 — TIMER CONTROL REGISTER (TCR) 


Selected by TCRO 


TERT, TCR2 County 
8 Bits 


e e e 
Interrupt 
Prescaler Control 
7 Bits 


Cleared by White Read 


TCR3 
Noreen reer tess RS RET PIR 


Software Functions 


Interrupt 


FIGURE 10 — TIMER BLOCK DIAGRAM 


NOTES: 


1; Prescaler and 8-bit counter are clocked on the failing edge of the internal clock (AS) or external input. 
2. Counter is written to during data strobe (DS) and counts down continuously. 


SELF-CHECK — The self-check capability of the 
EF6805U3 MCU provides an internal check to determine 
if the part is functional. Connect the MCU as shown in 
Figure 11 and monitor the output of Port C bit 3 for an 
oscillation of approximately 7 Hz. A 10-volt level 
(through a 10 k resistor) on the timer input, pin 8 and 
pressing then releasing the RESET button, energizes the 
ROM-based self-check feature. The self-check program 
exercices the RAM, ROM, TIMER, interrupts, and 1/O 
ports. 
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Several of the self-check subroutines can be called by a 
user program with a JSR or BSR instruction. They are the 
RAM, ROM. The timer routine may also be called if the 
timer input is the internal @2 clock. 


To call those subroutines in customer applications, 
please contact your local THOMSON SEMICONDUC- 
TEURS sales office in order to obtain the complete descrip- 
tion of the self-check program and the entrance/exit con- 
ditions. 
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RAM SELF-CHECK SUBROUTINE — The RAM self- 
check is called at location $F84 and returns with the Z bit 
clear if any error is detected ; otherwise the Z bit is set. 
The RAM test causes each byte to count from O up to 0 
again with a check after each count. 


The RAM test must be called with the stack pointer at 
$07F and A = 0. When run, the test checks every RAM cell 
except for SO7F and $07E which are assumed to contain the 
return address. 


RESET 


+ 5.25 





The A and X registers and all RAM locations except 
$O7F and $07E are modified. 


ROM CHECKSUM SUBROUTINE — The ROM seif- 
check is called at location $F95. The A register should be 
cleared before calling the routine. If any error is detected, 
it returns with the Z bit cleared ; otherwise Z = 1,X =O 
on return, and A is zero if the test passes. RAM location 
$040 to $043 is overwritten. The checksum is the comple- 
ment of the execution OR of the contents of the user ROM. 






EF6805U3 


* This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected. 





FIGURE 11 — SELF-CHECK CONNECTIONS 


LED Meanings 


Remarks [1:LED ON; 0:LED OFF] 


Bad 1/0 

Bad Timer 
Bad RAM 
Bad ROM 
Bad Interrupts or Request Flag 
Good Device 














All Flashing 


Anything else bad Device, Bad Port C, etc. 
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TIMER SELF-CHECK SUBROUTINE — The timer seif- 
check is called at location SF6D and returns with the Z bit 
cleared if any error was found; otherwise Z= 1. 

In order to work correctly as a user Subroutine, the internal 
$2 clock must be the clocking source and interrupts must be 
disabled. Also, on exit, the clock is running and the interrupt 
mask is not set so the caller must protect from interrupts if 
necessary. 

The A and X register contents are lost. This routine 


sets the prescaler for divide-by-128 and the timer data 
register is cleared. The X register is configured to count 
down the same as the timer data register. The two regis- 
ters are then compared every 128 cycles until they both 
count down to zero. Any mismatch during the count 
down is considered as an error. The A and X registers are 
cleared on exit from the routine. 


RESET 
The MCU can be reset three ways : by initial powerup, 


Out 


08V 
ViRES — 


by the external reset input (RESET) and by an optional 
internal low-voltage detect circuit. The RESET input 
consists mainly of a Schmitt trigger which senses the 
RESET line logic level. A typical reset Schmitt trigger 
hysteresis curve is shown in Figure 12. The Schmitt 
trigger provides an internal reset voltage if it senses a 
logical zero on the RESET pin. 





Power-On Reset (POR) -- An internal reset is generated 
upon powerup that allows the internal clock generator to 
stabilize. A delay of tRHL milliseconds is required before 
allowing the RESET input to go high. Refer to the power 
and reset timing diagram of Figure 13. Connecting a capa- 
citor to the RESET input (as illustrated in Figure 14) ty- 
pically provides sufficient delay. During powerup, the 
Schmitt trigger switches on (removes reset) when RESET 
rises to VIRES+. 





Of 
Reset 
In 
Reset 


2V 


4Vv 
Vires + 


FIGURE 12 — TYPICAL RESET SCHMITT 
TRIGGER HYSTERESIS 


cc 


RESET 
Pin 


Internal 
Reset 


Lid Dip” 
In Power 





FIGURE 13 — POWER AND RESET TIMING 









Pin 2 






1.0 pF 
Typical Current 
/ L Limiting 
POR = 
Delay 
Capacitor 
Charging 
Current 
* Disable LVI pource 





Strong 
Discharge 
Device 








0->1~>LVI 
1>0>LVR 










Internal 
Reset 





Schmitt 
Trigger 


FIGURE 14 — RESET CONFIGURATION 
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External Reset Input — The MCU will be reset if a logi- 
cal zero is applied to the RESET input for a period longer 
than one machine cycle (tcyc). Under this type of reset, 
the Schmitt trigger switches off at Vj RES — to provide an 
internal reset voltage. 


Low-Voltage Inhibit (LVI) — The optional low-voltage 
detection circuit causes a reset of the MCU if the power 
supply voltage falls below a certain level (Viv |). The only 
requirement is that VCC remains at or below the Viv} 
threshold for one teyc minimum. In typical applications, 
the VCC bus filter capacitor will eliminate negative-going 
voltage glitches of less than one tcyc. The output from the 
low-voltage detector is connected directly to the internal 
reset circuitry. It also forces the RESET pin low via a 
strong discharge device through a resistor. The internal re- 
set will be removed once the power supply voltage rises 
above a recovery level (Vj.yR), at which time a normal 
power-on-reset occurs. 





INTERNAL CLOCK GENERATOR OPTIONS 


The internal clock generator circuit is designed to re- 
quire a minimum of external components. A crystal, a re- 
sistor, a jumper wire, or an external signal may be used to 
generate a system clock with various stability/cost trade- 
offs. The oscillator frequency is internally divided by four 
to produce the internal system clocks. A manufacturing 
mask option is used to select crystal or resistor operation. 





EF6805U3 
MCU 

(Crystal Mask 

Option) 






(See Note) Cc 
SJ EXTAL 






Crystal 







External — EF6805U3 ; EF6805U3 
Clock EXTAL MCU (See Figure17) 5 | exTAL MCU 
Input (Crystal Mask No (Resistor Mask 

Option) Connection Option) 





External Clock 


The different connection methods are shown in Figure 
15. Crystal specifications and suggested PC board layouts 
are given in Figure 16. A resistor selection graph is given 
in Figure 17. 

The crystal oscillator start-up time is a function of ma- 
ny variables : crystal parameters (especially Rs), oscillator 
load capacitances, !C parameters, ambient temperature, 
and supply voltage. To ensure rapid oscillator start up, 
neither the crystal characteristics nor the load capacitances 
should exceed recommendations. 


When utilizing the on-board oscillator, the MCU should 
remain in a reset condition (reset pin voltage below 
VIRES+) until the oscillator has stabilized at its operating 
frequency. Several factors are involved in calculating the 


, external reset capacitor required to satisfy this condition: 


the oscillator start-up voltage, the oscillator stabilization 


_ time, the minimum V| RES 4, and the reset charging current 


specification. 


Once VCC minimum is reached, the external RESET 
capacitor will begin to charge at a rate dependent on 
the capacitor value. The charging current is supplied from 
Vcc through a large resistor, so it appears almost like a 
constant current source until the reset voltage rises above 
VIRES+. Therefore, the RESET pin will charge at approxi- 
mately : 

(VIRES+/¢Cext = IRES © tRHL 
Assuming the external capacitor is initially discharged. 





EF6805U3 
MCU 
(Resistor Mask 
Option) 






EXTAL 








Approximately 25% to 50% Accuracy 
Typical tcyc= 1.25 BS 
External Jumper 






R 








Approximately 10% to 25% Accuracy 
External Resistor 
(Excludes Resistor Tolerance) 





NOTE: The recommended C;_ value with a 4.0 MHz crystal is 27 pF, maximum, including system distributed capacitance. There is an internal 
capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total Capacitance on each pin 
should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on EXTAL and ap- 
proximately 25 pF on XTAL. The exact value depends on the Motional-Arm parameters of the crystal used. 


FIGURE 15 — CLOCK GENERATOR OPTIONS 
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(a) Cy 


EXTAL Rs XTAL 


AT — Cut Parallet Resonance Crystal 
Co=7 pF Max 

Freq. =4.0 MHz @ C; = 24 pF 

Rs = 50 ohms Max 









y] Piezoelectric ceramic resonators 
4 hich have the equivalent speci- 
Cc “ or wn q pe 
L YS-GEA® Crystal fications may be used instead of 
/) 


crystal oscillators. Follow cera- 
mic resonator manufacturer's 
suggestions for Co, C1, and Rs 
values. 







EXTAL (5) 


EXTAL (8) (7 XTAL (6) 


XTAL (6) 





NOTE: Keep crystal leads and circuit connections as short as possible. 
) 


FIGURE 16 - CRYSTAL MOTIONAL ARM PARAMETERS 
AND SUGGESTED PC BOARD LAYOUT 


oh. ee 
o 2 oO 


ol 
° 


Oscillator Frequency (MHz) 
nv WwW 5 
o 0 fo 


oad 
o Oo 





0 10 20 30 40 50 60 70 80 
Resistance (k&2) 


FIGURE 17 — TYPICAL FREQUENCY SELECTION FOR RESISTOR 
(OSCILLATOR OPTION) 
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INTERRUPTS 


The microcomputers can be interrupted four different 
ways : through the external interrupt (INT) input pin, the 
internal timer interrupt request, the external port D bit 6 
(INT2) input pin, or the software interrupt instruction 
(SWI). When any interrupt occurs : the current instruc- 
tion (including SWI) is completed, processing is suspended, 
the present CPU state is pushed onto the stack, the inter- 
rupt bit (1) in the condition code register is set, the ad- 
dress of the interrupt routine is obtained from the appro- 
priate interrupt vector address, and the interrupt routine 
is executed. Stacking the CPU register, setting the ! bit, 
and vector fetching require a total of 11 tcyc periods 
for completion. A flowchart of the interrupt sequence 
is shown in Figure 18. The interrupt service routine must 
















11 (in CC) 
O7F >SP 
O0~>DDRs 

CLR INT Logic 
FF > Timer 

7F — Prescaler 

7F7TCR 
7F—>MR 















(TIMER INT) 
TCRU°TCRGE 





Put FFE on 
Address Bus 


Instruction 






Reset 
RESET ? 
Pin =Low 
| RESET - Fetched 
=i nstruction 
Pin =High on SWI ? 
Load PC 
From 
FFE/FFF 


Execute All 
instruction 


Cycles 









end with a return from interrupt (RTI) instruction which 
allows the MCU to resume processing of the program prior 
to the interrupt (by unstacking the previous CPU state). 
Unlike RESET, hardware interrupts do not cause the cur- 
rent instruction execution to be halted, but are considered 
pending until the current instruction execution is complete. 





When the current instruction is complete, the processor 
checks alt pending hardware interrupts and if unmasked, 
proceeds with interrupt processing ; otherwise the next 
instruction is fetched and executed. Note that masked 
interrupts are latched for later interrupt service. 


lf both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the exter- 
nal interrupt is serviced first. The SWI is executed as any 
other instruction. 


Clear Stack 
INT PC, X, A, CC 
Request 
Latch 
171 










Load PC From: 


SWI: FFC/FFD! 
INT: FFA/FFB 
Timer or 


INT2: FF8/FF9 






po<pc +1 


FIGURE .18 — RESET AND INTERRUPT PROCCESSING FLOWCHARD 
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NOTE \ 


The timer and INT2 interrupts share the same vector 
address. The interrupt routine must determine the sour- 
ce by examining the interrupt request bits (TCR b7 and 
MR b7). Both TCR b7 and MR b7 can only be written 
to zero by software. 


The external interrupt, INT and INT2, are synchroni- 
zed and then latched on the falling edge of the input 
signal. The INT2 interrupt has an interrupt request bit 
(bit 7) and a mask bit (bit 6) located in the miscellaneous 
register (MR). The INT2 interrupt is inhibited when the 
mask bit is set. The INT2 is always read as a digital input 
on port D. The INT2 and timer interrupt request bits, if 
set, cause the MCU to process an interrupt when the con- 
dition code | bit is clear. 


A sinusoidal input signal (f;)y7 maximum) can be used 
to generate an external interrupt for use as a zero-crossing 
detector. This allows applications such as servicing time-of- 
day routines and engaging/disengaging ac power control 
devices. Off-chip full wave rectification provides an inter- 
rupt at every zero crossing of the ac signal and thereby 
provides a.2f clock. See Figure 19. 


NOTE 
The INT (pin 3) is internally biased at approximately 
2.2 V due to the internal zero-crossing detection. 


A software interrupt (SWI) is an executable instruction 
which is executed regardless of the state of the | bit in 
the condition code register. SWls are usually used as break- 
points for debugging or as system calls. 


A/D CONTROL REGISTER (ACR) 

7 6 5 4 3 2 1 0 
Pt te tt tT TT J soc 
Bit 7—Conversion Complete Status Flag: Set when 

conversion is complete; cleared only on a write 


to ACR. 
Readable, not writable. 


Bits 2, 1,0 — A/D input Mux Selection (See Table 2). 
Bits 6, 5, 4, 3 read as ‘’1s’‘— unused bits. 


(a) Zero-Crossing Interrupt 


AC 
Input 
INT Max.) 


R<1M& 
AC Input 


(Current 
Limiting) 


MCU 
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(b) Digital-Signal interrupt 






EF6805U3 
MCU 


FIGURE 19 — TYPICAL INTERRUPT CIRCUITS 


INPUT/OUTPUT CIRCUITRY 


There are 32 input/output pins. The INT pin may be 
polled with branch instructions to provide an additional 
input pin. All pins on ports A, B, and C are programmable 
as either inputs or outputs under software control of the 
corresponding data direction register (DDR). See below 
1/O port control registers configuration. The port !/O 
programming is accomplished by: writing the correspon- 
ding bit in the port DDR to a logic one for output or a 
logic zero for input. On reset all the DDRs are initialized 
to a logic zero state, placing the ports in the input mode. 
The port output registers are not initialized on reset and 
should be initialized by software before changing the 
DDRs from input to output. A read operation on a port 
programmed as an output will read the contents of the 
output latch regardless of the logic levels at the output 
pin, due to output loading. Refer to Figure 20. 
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PORT DATA REGISTER 


Port A Addr = $000 
Port B Addr = $001 
Port C Addr = $002 
Port D Addr = $003 


PORT DATA DIRECTION REGISTER (DDR) 
7 0 


eae, 


(1) Write Only; reads as all ‘’1s" 
(2) 1= Output, O=Input Cleared to 0 by Reset 
(3) Port A Addr = $004 

Port B Addr = $005 

Port C Addr = $006 
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Data 
Direction Register 
Bit * 


Latched 
Output 
Data 
Bit 


Internal 
Connections 


















Data Latched 
Direction Output Output Input 
Register Data State To 
Bit Bit MCU 


0 0 
1 1 
X High-z ** 





* DDR is a write-only reqister and reads as all ‘‘1s"’ 
** Ports B, and C are three-state ports. 

Port A has optional! internal pullup devices to provide CMOS data 
drive capability. See Electrical Characteristics tables for complete 
information. 


FIGURE 20 — TYPICAL PORT 1/0 CIRCUITRY 


All input/output lines are TTL compatible as both 
inputs and outputs. Port A lines are CMOS compatible as 
outputs (mask option) while port B, C, and D lines are 
CMOS compatible as inputs. Port D lines are input only; 
thus, there is no corresponding DDR. When programmed 
as outputs, port B is capable of sinking 10 milliamperes 
and sourcing 1 milliampere on each pin. 


The address map (Figure 6) gives the addresses of data 
‘registers and data direction registers. Figure 21 provides 
some examples of port connections. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. Since 


THOMSON SEMICONDUCTEURS 


‘BSET and BCLR are read-modify-write in function, 
they cannot be used to set or clear a single DDR bit 
(all “unaffected” bits would be set). It is recommen- 
ded that all DDR bits in a port be written using a 
single-store instruction. 


The latched output data bit (see Figure 20) must always 
be written. Therefore, any write to a port writes all of 
its data bits even though the port DDR is set to input. 
This may be used to initialize the data register and 
avoid undefined outputs ; however, care must be exercised 
when using read-modify-write instructions, since the data 
read corresponds to the pin level if the DDR is an input 
(zero) and corresponds to the latched output data when 
the DDR is an output (one). 
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(a) Output Modes 






PAT {CMOS Loads) PB7 

: lO = HFE*lp 
PAG P86 
PAS PBS 
PA3 PB3 2N6386 (Typical) 
PA2 PB2 






PAI 
PAO 


Port A, bit 7 and bit 4 programmed as output. P61 
Bit 7 driving CMOS loads and bit 4 driving PBO 
one TTL load directly using CMOS output op- ° 

tion. 


Port B, bit 5 programmed as output, driving Darling- 
ton-base directly. 

















PB7 PC7 
+ V 
PBE PC6 V 
PBS PCS 
PB4 eee 
PC3 
PB3 CMOS Inverter 
PB2 PC2 MC 140497 14069 
(Typical! 
PBI PCI ypi 
PBO PCO 
@— 10 mA s 
Port B, bit O and bit 1 programmed as output, driving Port C, bits 0-3 programmed as output, driving CMOS 
LEDs directly. loads, using external pullup resistors {required if Port 
C is open-drain). 
{b) Input Modes 
PB7 
PA? : PRG 
PA6 : PBS 
PAS . 
SN74LS04 or MC14069 . PB4 
SN74LS04 (Typical) PAG (Typical) : PB4 
PAS | : PB2 
e 


MC 14069 
(Typical) 










SN 74LS04 or MC14069 
(typical) 


@eeee0eesve8e 
eeeeoeeee8neesd 





Vy, 


SN74LS04 PCI y PD? 
(Typical) ae ae 
CMOS and TTL-driving Port C directly. CMOS or TTL driving Port D directly 


FIGURE 21 ~ TYPICAL PORT CONNECTIONS 
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BIT MANIPULATION 

The EF6805' 3 has the ability to set or clear any single RAM 
or 1/0 bit (except the data direction registers) with a single 
instruction (BSET, BCLR) (see Caution below). Any bit in page 
zero can be tested using the BRSET and BRCLR instructions 
and the program branches as a result of its state. The carry bit 
equals the value of the bit references by BRSET or BRCLR. The 
capability to working with any bit in RAM, ROM, or!/O allows 
the user to have individual flags in RAM or to handle single 
1/0 bits as control lines. 


CAUTION 

The corresponding data direction registers for ports A, B, and 
C are write-only registers (locations $004, $005, and $006). A 
read operation on these registers is undefined. Since BSET 


* BRSET 2,PORTA, * WAIT FOR READY 
BSET 1, PORTA CLOCK NEXT BIT IN 
BRCLR 0, PORTA, NEXT PICKUP BIT IN C-BIT 

NEXT BCLR 1, PORTA RETURN CLOCK LINE HIGH 
ASR RAMLOC MOVE C-BIT INTO RAM 


St a 2 SSS SS SN 


and BCLR are read-modify-write functions, they cannot be 
used to set a data direction register bit (all “unaffected” bits 
would be set). It is recommended that all data direction regis- 
ter bits in a port be written using a single-store instruction. 


The coding examples shown in Figure 22 illustrate the use- 
fulness of the bit manipulation and test instruction. Assume 
that the microcomputer is to communicate with an externa! 
serial device. The external device has a data ready signal, a 
data output line, and a clock line toclock data one bit at a time, 
least significant bit first out of the device. The microcomputer 
waits until the data is ready, clocks the external device, picks 
up the data in the carry flag, clears the clock line, and finally 
accumulates the data bit in a random-access memory loca- 


tion. 
Serial 
Device 





FIGURE 22 — BIT MANIPULATION EXAMPLE 


ADDRESSING MODES 

The EF6805U3 MCU has ten addressing modes available 
for use by the programmer. They are explained briefly in the 
following paragraphs. For additional details and graphical 
illustrations, refer to the EF6805 Family Users Manual. 

The term “effective address’ (EA) is used in describing the 
addressing modes. EA is defined as the address from which 
the argument for an instruction is fetched or stored. 

IMMEDIATE — In the immediate addressing mode, the 
operand is contained in the byte immediately following the 
opcode. The immediate addressing mode is used to access 
constants which do not change during program execution 
(e.g., a constant used to initialize a loop counter). 

DIRECT — In the direct addressing mode, the effective 
address of the argument is contained in a single byte follow- 
ing the opcode byte. Direct addressing allows the user to 
directly address the lowest 256 bytes in memory with a single 
2-byte instruction. This address area includes all on-chip 
RAM and 1!/O registers and 128 bytes of ROM. Direct 
addressing is an effective use of both memory and time. 

EXTENDED — In the extended addressing mode, the ef- 
fective address of the argument is contained in the two bytes 
following the opcode. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single 3-byte instruction. When using the 
assembler, the user need not specify whether an instruc- 
tion uses direct or extended addressing. The assembler 
automatically selects the shortest form of the instruction. 

RELATIVE — The relative addressing mode is only used in 
branch instructions. In relative addressing, the contents of 
the 8-bit signed byte following the opcode (the offset) is 
added to the PC if, and only if, the branch condition is true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from — 126 to + 129 from the 
opcode address. The programmer need not worry about 
calculating the correct offset if he uses the assembler, 
since it calculates the proper offset and checks to see if 
it is within the span of the branch. 
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INDEXED, NO OFFSET — In the indexed, no offset 
addressing mode, the effective address of the argument is 
contained in the 8-bit index register. Thus, this addressing 
mode can access the first 256 memory locations. These in 
structions are only one byte long. This mode is often used to 
move a pointer through a table or to hold the address of a 
frequently referenced RAM or I/O location. 

INDEXED, 8-BIT OFFSET — In the indexed, 8-bit offset 
addressing mode, the effective address is the sum of the 
contents of the unsigned 8-bit index register and the unsign- 
ed byte following the opcode. This addressing mode is 
useful in selecting the kth element in an n element table. 
With this 2-byte instruction, k would typically be in X with 
the address of the beginning of the table in the instruction. 
As such, tables may begin anywhere within the first 256 
addressable locations and could extend as far as location 510 
($1FE is the last location at which the instruction may begin). 

INDEXED, 16-BIT OFFSET — In the indexed, 16-bit offset 
addressing mode, the effective address is the sum of the 
contents of the unsigned 8-bit index register and the two un- 
signed bytes following the opcode. This addressing mode 
can be used in a manner similar to indexed, 8-bit offset ex- 
cept that this 3-byte instruction allows tables to be anywhere 
in memory. As with direct and extended, the assembler 
determines the shortest form of indexed addressing. 

BIT SET/CLEAR — In the bit set/clear addressing mode, 
the bit to be set or cleared is part of the opcode, and the byte 
following the opcode specifies the direct address of the byte 
in which the specified bit is to be set or cleared. Thus, any 
read/write bit in the first 256 locations of memory, including 
1/0, can be selectively set or cleared with a single 2-byte in- 
struction. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. Since 
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BSET and BCLR are read-modify-write in function, 
they cannot be used to set or clear a single DDR bit 
(all “unaffected” bits would be set). It is recommen- 
ded that all DDR bits in a port must be written using a 
single-store instruction. 


BIT TEST AND BRANCH — The bit test and branch 
addressing mode is a combination of direct addressing and 
relative addressing. The bit which is to be tested and condi- 
tion (set or clear) is included in the opcode, and the address 
of the byte to be tested is in the single byte immediately 
following the opcode byte. The signed relative 8-bit offset in 
the third byte is added to the PC if the specified bit is set or 
cleared in the specified memory location. This single 3-byte 
instruction allows the program to branch based on the condi- 
tion of any readable bit in the first 256 locations of memory. 
The span of branching is from — 125 to + 130 from the op- 
code address. The state of the tested bit is also transferred to 
the carry bit of the condition code registers. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write in function, 
they cannot be used to set-or clear a single DOR bit 
(all “unaffected” bits would be set). It is recommen- 


ded that all DDR bits in a port must be written using a! 
single-store instruction. 


INHERENT -- In the inherent addressing mode, all the in- 
formation necessary to execute the instruction is contained 
in the opcode. Operations specifying only the index register 
or accumulator, as well as control instructions with no other 
arguments, are included in this mode. These instructions are 
one byte long. 


INSTRUCTION SET 

The EF6805U3 MCU has a set of 59 basic instructions, 
which when combined with the 10 addressing modes pro- 
duce 207 usable opcodes. They can be divided into five dif- 
ferent types: register/memory, read-modify-write, branch, 


bit manipulation, and control. The following paragraphs . 
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briefly explain each type. All the instructions within a given 
type are presented in individual tables. 


REGISTER/MEMORY INSTRUCTIONS — Most of these 
instructions use two operands. One operand is either the ac- 
cumulator or the index register. The other operand is obtain- 
ed from memory using one of the addressing modes. The 
jump unconditional (JMP) and jump to subroutine (JSR) in- 
structions have no register operand. Refer to Table: 1. 

READ-MODIFY-WRITE INSTRUCTIONS — These in- 
structions read a memory location or a register, modify or 


test “its contents, and write the modified value back to 
. memory or to the register; see Caution under Input/Output 


section. The test for negative or zero (TST) instruction is in- 
cluded in the read-modify-write instruction though it does 
not perform the write. Refer to Table 2. 

BRANCH INSTRUCTIONS — The branch instructions 
cause a branch from the program when a certain condition is 
met. Refer to Table 3. 

BIT MANIPULATION INSTRUCTIONS — The instruc- 
tinns are used on any bit in the first 256 bytes of the memory; 
One group either sets or clears. The other group performs 
the bit test and branch operations. Refer to Table 4. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write in function, 
they cannot be used to set or clear a single DDR bit 
(all “unaffected’’ bits would be set). It is recommen- 
ded that all DDR bits in a port must be written using a 
single-store instruction. 


CONTROL INSTRUCTION — The conirol instructions 
control the MCU operations during program execution. 
Refer to Table 5. 

ALPHABETICAL LISTING — The complete instruction set 
is given in alphabetical order in Table 6. 

OPCODE MAP — Table 7 is an opcode map for the in- 
struction used on the MCU. 
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TABLE 1 — REGISTER/MEMORY INSTRUCTIONS 






Addressing Modes 


Indexed Indexed Indexed 
Extended (No Offset) (8-Bit Offset) (16-Bit Offset) 

















Arithmetic Compare X 
with Memory CPX 
Bit Test Memory with 
A (Logical Compare) BIT 2 2 2 c5 3 5 . FS E5 2 
p- | - yp be fp 2 ft 3 tec] 3s fa prey | 
| Sh R 


FC 
Byes ier ee ie eee ees ee a el i ce 


Jump to Subroutine 


Code] Bytes} Cycles e|Bytes | Cycles | Code Code|Bytes | Cycles | Code|Bytes ; Cycles 
[Toad Atrom Memory | tA | Ab| 2 | 2 | 66 ache een res[ 2] s |os[3 | 6 
[Load x from Memory | COX | AE] 2 [2 | BE repo fs fPor[s [so _ 
[Store Ais Memory | STA | -|- | | ee ea red io ee ees Jo 
[Store Xin Memory | stK | —[-]| 1 Pee = me ot Seleer | 6 | or ae es 
[Add MemorytoA | ADD | AaB] 2 [| 2 | ECs ae ee 2 ee ee 
coma | aoc | ae 2 | 2 fa [is [os fe) Sie ose | 
Carry toA ADC 2 2 3 5 FQ ES 2 5 3 
Pee ee ee ee 
Se OO Oe Pe 
A with Borrow SBC A2 2 2 3 F2 E2 2 5 D2 3 
Ca | Bee pea | ae eae ea 8 
[OR Memory with A {| ORA | AA| 2 | 2 | 4 feat 2 | 5 | pal 3 
mane" T con | ae] 2 | 2 fcofs | s fools | « [cela | s fools |e 
with A AB | 2 2 c8 | 3 5 F8 2 5 3 
Arithmetic Compare A 
fofa|s [alo |« [ele] s fof fo 
a 





Indexed 
(No Offset) 


Increment 
Decrement 


Clear 


S 


NC 


Negate 
(2's Complement) 


Cc 
R 
G 
OL 
L 
R 
R 


Test for Negative 
or Zero 


E 
L 
E 
$s 
Ss 


| 
D 
C 
N 
Rotate Left Thru Carry R 
L 
L 
A 
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TABLE 3 — BRANCH INSTRUCTIONS 


Relative Addressing Mode 


| runton __|anemonic|_coae | yt | cytes 
Code | Bytes | Cycies 
Farancn Aways | era | 20 | 2 | 4 
PeranchiFtHigher | emi] 22 | 2 | 4 
BranchiFFLower orSame; BLS | 23 [| 2 | 4 ~~ ~| 


Branch IFFCarry Clear BCC 
(BranchIFFHigher or Same) 
Branch IFFCarry Set 
(Branch IFF Lower) 
BranchiFF Not Equal 
BranchlFF Equal 

Branch IFF Half Carry Clear 
BranchiFF Half Carry Set 
BranchiFF Plus 

BranchlFF Minus 


BranchlFFinterupt Mask 
Bit is Clear 


BranchlIFF interrupt Mask 
Bitis Set. BMS 


Branch IFFinterrupt Line 
is Low BIL 


BranchIFF interrupt Line 
is High 


Branch to Subroutine 










: 
_ 
; 


NOT NM 






NFR 
AL s 


BC 
(BLO) 


n 


NTN 
NTO 


BHCC 
BHCS 
BP 


28 
29 


N 
> 


® 


io) 


M 


N N N 
m Oo oO 


N 
nN 


> 
oO 


N 
ao 


io2) 
pe] 


B 








TABLE 4 — BIT MANIPULATION INSTRUCTIONS 


Addressing Modes 


Bit Set/Clear Bit Test and Branch 
Op # # Op # # 
Code Bytes| Cycles| Code Bytes| Cycles 


[Branch FF Bins clear | @RCLRnin=0 [| — | —- | — or-aen 
re ee 












aSETnin=0 7) 


7 
7 





Transfer A to X T. 
Transfer X toA T 
Set Carry Bit 


Reset Stack Pointer 
No-Operation 


cic 
[swt 
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TABLE 6 — INSTRUCTION SET 





Addressing Modes Condition Code 














Indexed 
(8 Bits) 


Indexed 


Inherent | Immediate Extended |Relative| (No Offset) 


Bit Bit 
Indexed | Set/ Test. & 
(16 Bits)|Clear Branch 


— 


Poke 
a 
a 
acs | 


nji2 
T™io 


BHCC 


oon pbbbblaatlthie 
5 
Ea 
i 


@ 
z|5 
ro) 






BRCLR 
BRSET 
BSET 


; 
Ea 
O 
Q 
ie 
E 


CMP 
= 


rp ocircis Oo 
> a) >] 


r- 
Oo 
x< 


ORA 





xz cic 
oO AnIW 
Cc Dire 


Condition Code Symbols: 
H_ Half Carry (From Bit 3) C  Carry/Borrow 
| Interrupt Mask ‘A Test and Set if True, Cleared Otherwise 
N Negative (Sign Bit) © Not Affected 
Z Zero 
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TABLE 6 — INSTRUCTION SET (CONTINUED) 





Condition Code 


Bit Bit 
Indexed |indexed| Indexed|Set/ | Test & 
Relative|(No Offset) | (8 Bits) |(16 Bits)|Clear | Branch C 
? 


a ae Bea Ea 
edaeet 


Addressing Modes 















Condition Code Symbols: 


H_ Half Carry (From Bit 3° C Carry/ Borrow 

| Interrupt N.ask A Test and Set if True, Cleared Otherwise 
N Negative (Sign Bit) e Not Affected 

Z Zero ? Load CC Register From Stack 


EF6805 HMOS FAMILY 
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TABLE 7 — 6805 HMOS FAMILY INSTRUCTION SET OPCODE MAP 


[| __it Mas Manipuist ulation i i Register/ Memo. 
Ct hUCUREL UT CIR SC] INH N | IXT f | _ INH | NH ee 


a a 4 7 ) 4 
ioe Se 0000 
a iNIM EXT 
IMM ek 3 
2 4 
a ae 1 1 4 a 1 wr 1 INH IMM orn J 3 
6 r) 4 7 6 
OTR {1 iN } INH 
4 6 4 
6 
1 INH IMM oe 3 
INH meee id fe ar oe 1 ane ste 
4 Fi 
i INH 1 a O00 
4 6 4 
a ar mee 3 1X2 | 2 xi fi? (x 
xt ft Xx 1 gre 2 eer 2 ae 3 i 3 1K2 
IMM DIR | 3 
4 
INH DIR 
INH ie 2 
IMM 
8SC INH | 2 INH Le ere 2 ne 





“Ate 





an 


a 





Abbreviations for Address Modes LEGEND 

INH Inherent 

IMM Immediate Opcode in Hexadecimal 
DIR Direct 

EXT Extended feb eyces Opcode in Binary 
REL Relative Mnemonic 

BSC Bit Set/Clear Bytes 

BTB Bit Test and Branch 

IX Indexed (No Offset) Address Mode 
(X1 Indexed, 1 Byte (8-Bit) Offset 

1X2 indexed, 2 Byte (16-Bit) Offset 
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PHYSICAL DIMENSIONS 


CB-182 





(1). Nominal dimension 
(2) True geometrical position 


P SUFFIX 
PLASTIC PACKAGE 


AD pine 


Ua 
CB-182 








FN SUFFIX 
PLCC44 


16,662 de 437~| ~1400 
< Ne 2 


abl dalalde a HEN LP? 


a7 


T er ra ae 
45 IN: 











U 


N) 


We 





YL, 





Wd 





t | 






ie EF6805U3 


17,63 


U 
- Se 44 irs 
0.04. 
min, Q533 Y 
MO-047-AC CB-521 
OAT.A, JEOEC ; 
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ORDERING INFORMATION 


The information required when ordering acustom MCU 
is listed below. The ROM program may be transmitted to 
THOMSON SEMICONDUCTEURS on EPROM(s) or an 
EFDOS/MDOS* disk file. 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact your local THOMSON SEMICONDUC- 
TEURS representative or distributor. 


EPROMs 

Two 2716 or one :2732 type EPROMs, program- 
med with the customer program (positive logic sense for 
address and data), may be submitted for pattern generation. 
The EPROM must be clearly marked to indicate which 
EPROM corresponds to which address space. The recom- 
mended marking procedure is illustrated below : 


T 800 _| 


XXX = Customer 1D 


After the EPROM(s) are marked, they should be placed in 
conductive IC carriers and securely packed. Do not use 
styrofoam. 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are fil- 
ed for contractual purposes and are not returned. A com- 
puter listing of the ROM code will be generated and returned 
along with a listing verification form. The listing should be 
thoroughly checked and the verification form completed, 
signed, and returned to THOMSON SEMICONDUC- 
TEURS. The signed verification form constitutes the 


contractual agreement for creation of the customer mask. 
lf desired, THOMSON SEMICONDUCTEURS will pro- 
gram on blank EPROM from the data file used to create 
the custom mask and aid in the verification process. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern will be 
sent for program verification. These units will have been 
made using the custom mask but are for the purpose of 
ROM verification only. For expediency they are usually un- 
marked, packaged in ceramic, and tested only at room 
temperature and 5 volts. These RVUs are included in the 
mask charge and are not production parts. The RVUs are 
thus not guaranteed by THOMSON SEMICONDUC- 
TEURS. Quality Assurance, and should be discarded 
after verification is completed. 


FLEXIBLE DISKS 


The disk media submitted must be single-sided, EFDOS/ 
MDOS* compatible floppies. 

The customer must write the binary file name and compa- 
ny name on the disk with a felt-tip-pen. The minimum 
EFDOS/MDOS* system files, as well as the absolute 
binary object file (Filename .LO type of file) from the 
6805 cross assembler, must be on the disk. An object file 
made from a memory dump using the ROLLOUT com- 
mand is also acceptable. Consider submitting a source 
listing as well as the following files : filename .LX (DEVI- 
CE/EXORciser loadable format) and filename .SA (ASCII 
Source Code). These files will of course be kept confiden- 
tial and are used 1) to speed up the process in-house if any 
problems arise, and 2) to speed up the user-to-factory 
interface if the user finds any software errors and needs 
assistance quickly from THOMSON SEMICONDUC- 
TEURS factory representatives. 

EFDOS is THOMSON SEMICONDUCTEURS’ Disk 
Operating System available on development systems 
such as DEVICE... 

MDOS* is MOTOROLA’‘s Disk Operating System available 
on development systems such as EXORciser.... 


“Requires prior factory approval. 





Whenever ordering a custom MCU is required, please contact your local THOMSON SEMICONDUCTEURS representa- 
tive or THOMSON SEMICONDUCTEURS distributor and/or complete and send the attached ‘MCU customer ordering 
sheet’’ to your local THOMSON SEMICONDUCTEURS representative. 


E XORciser is a registered trademark of MOTOROLA Inc. 





THOMSON SEMICONDUCTEURS 25/26 


2-379 


EF6805U3 





ORDERING INFORMATION 


EF6805U3 ,;P)V 
, = Screening level 


Device 
Package Oper. temp. 


The table below horizontally shows all available suffix combinations for package, operating temperature and screening 


level. Other possibilities on request. 
| PACKAGE =——~—=~T:=Csé*=OPERR. TEMP SCREENING LEVEL 


EF6805U3 


Examples : EF6805U3P, EF 6805U3FN, EF6805U3PV, EF 6805U3FNV 


Package: C: Ceramic DIL, J: Cerdip DIL, P: Plastic DIL, E: LCCC, FN: PLCC. 
Oper. temp.: L*: 0°C to + 70°C, V: —40°C to +85°C, T— 40°C to + 105°C, *: may be omitted. 


Screening level : Std: (no-end suffix), D : NFC 96883 level D, 
G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level B. 





These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different products. 


| | 
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MK2870 


3870 SINGLE CHIP MICRO FAMILY 





MK2870 FEATURES 


@ 28-pin version of the industry standard MK3870 single 
chip microcomputer 


Available with 1K bytes of mask programmable ROM CASE 
memory 


64 bytes scratchpad RAM 
20 bits TTL compatible I/O 
_Programmabie binary timer 

Interval timer mode 


Pulse width measurement mode 
Event counter mode 





External interrupt input 
Crystal, LC, RC, or external time base options 
Low power (275 mW typ.) 


Single +5 volt supply 





PIN ASSIGNMENT 


PIN NAME DESCRIPTION 


1/O Port O Bit 7 Bidirectional 
1/0 Port 1 Bits 1-3 | Bidirectional 
I/O Port 4 Bidirectional 
I/O Port 5 Bidirectional 
Ready Strobe Output 
External Interrupt Input 
External Reset Input 

Test Line Input 

Time Base Input 

Power Supply Input 

Lines 
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MK2870 BLOCK DIAGRAM 
EXTINT 
XTL1 XTL2 
‘ | INTERRUPT 
TIMER 
Bo ig: Ral 


MEMORY ADDRESS BUS 












64x8 


SCRATCHPAD 
REGISTERS 





aman—omal |207>-cSCooP> 


RESULT BUS 





TEST 1/0 (1) 1/0 (3} 


1/0 (8) STROBE ‘1/0 (8) RESET 


Figure 1 
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GENERAL DESCRIPTION 


The MK2870 is the 28-pin version of the industry standard 
Mostek MK3870 single chip microcomputer. It is offered as 
a low cost device which can be used in those applications 
that do not require the entire |/O capability of the 40 pin 
MK3870. The compact 28-pin package makes the MK2870 
ideally suited for applications where PC board space is a 
premium. 


The MK2870 can execute more than 70 instructions, and is 
completely software compatible with the rest of the devices 
in the 3870 family. The MK2870 features 1K bytes of ROM. 
The MK2870 also features 64 bytes of scratchpad RAM, a 


programmable binary timer, and 20 bits of 1/0. 


The programmable binary timer operates by itself in the 
interval timer mode or in conjunction with the external 
interrupt input in the pulse width measurement and the 
event counter modes of operation. Two sources of vectored, 
prioritized interrupt are provided with the binary timer and 
the external interrupt input. The user has the option of 
specifying one of four clock sources for the MK2870: 
Crystal, LC, RC, or external clock. In addition, the user can 
specify either a +10% power supply tolerance or a +5% 
power supply tolerance. 


FUNCTIONAL PIN DESCRIPTION 


PO-7, P1-1--P1-3, P4-0--P4-7, and P5-0--P5-7 are 20 lines 
which can be individually used as either TTL compatible 
inputs or as latched outputs. 


STROBE is a ready strobe associated with I/O Port 4. This 
pin, which is normally high, provides a single low pulse after 
valid data is present on the P4-0--P4-7 pins during an 
output instruction. 








RESET may be used to externally reset the MK2870. When 
pulled low the MK2870 will reset. When then allowed to go 
high the MK2870 will begin program execution at program 
location H ‘O00". 


EXT INT is the external interrupt input. Its active state is 
software programmable. This input is also used in 
conjunction with the timer for pulse width measurement 
and event counting. 


XTL 1 and XTL 2 are the time base inputs to which a crystal, 
LC network, RC network, or an external single-phase clock 
may be connected. The time base network must be 
specified when ordering a mask ROM MK2870. 


TEST is an input, used only in testing the MK2870. For 
normal circuit functionality this pin may be left 
unconnected, but it is recommended that TEST be 
grounded. 


Vec is the power supply input (single +5 V). 
MK2870 ARCHITECTURE 


The basic functional elements of the MK2870 are shown in 
Figure 1 . A programming model is shown in Figure 2. The 
MK2870 is instruction set compatible. The unique features 
of the MK2870 are discussed in the following sections. The 
user is referred to the 3870 Family Technical Manual for a 
thorough discussion of the architecture, instruction set, and 
other features. 
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MK2870 MAIN MEMORY 


There are four address registers used to access main 
memory. These are the Program Counter (PO), the Stack 
Register (P), the Data Counter (DC), and the Auxiliary Data 
Counter (DC1). The Program Counter is used to address 
instructions or immediate operands. The Stack Register is 
used to save the contents of the Program Counter during an 
interrupt or subroutine call. Thus, the Stack Register 
contains the return address at which processing is to 
resume upon completion of the subroutine or interrupt 
routine. The Data Counter is used to address data tables. 
This register is auto-incrementing. Of the two data 
counters, only Data Counter (DC), can access the ROM. 
However, the SDC instruction allows the Data Counter and 
Auxiliary Data Counter to be exchanged. 


Figure 3 shows the amounts of ROM and executable RAM 
in the MK2870/10 pin configuration. 


1/O PORTS 


The MK2870 provides four, 8 bit bidirectional Input/Output 
ports. These are ports O, 1,4, 5. However, only 20 of the bits 
are connected to 1/O pins. The remaining bits are storage 
elements. In addition, the Interrupt Control Port is 
addressed as Port 6 and the binary timer is addressed as 
Port 7. The programming of Ports 6 and 7 and the 
bidirectional |/O pin are covered in the 3870 Family 
Technical Manual. The schematic of an !/O pin and 
available output drive options are shown in Figure 4. 


An output ready strobe is associated with Port 4. This flag 
may be used to signal a peripheral device that the MK2870 
has just completed an output of new data to Port 4. The 
strobe provides a single low pulse shortly after the output 
operation is completely finished, so either edge may be used 
to signal the peripheral. STROBE may also be used as an 
input strobe to Port 4 after completing the input operation. 
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MK2870 PROGRAMMABLE REGISTERS, PORTS, AND MEMORY MAP 


| O PORTS 





BINARY 
TIMER 


PORT 7 


7 « —8 BITS-—» 0 


INTERRUPT 
CONTROL PORT 


PORT 6 


l 


8 BITS-—e 0 


PARALLEL 
' OPORTS 


PORT S5 


PORTS 


PORT 1 


PORTO 


7 <«—8 BITS —» 0 


NOTE: All 32 parallel 1/O 

port pins are available in the 
MK2870. However, only 20 of the 
bits are connected to |/O pins. 
Refer to the pin diagram for 
complete definition. 


CPU REGISTERS SCRATCHPAD MEMORY 








ACCUMULATOR 


: 


7<—8 BITS——w~ 0 


| 
STATUS 
REGISTER 9 9 
iw) PMU 10 
i H A 
ole fe|s 1 
¢ fol 2} | Ce er 
S ‘mrss 
Ni [av 4 E 
NVEAI! Q 
TERR G 1s : 
RRORAN 
CF Y 
Nt | j 
TO 
Row 61 30 
t 
62 
4<@ 5SBITS ©O ie 
INDIRECT 
SCRATCHPAD 7@ 8BITSSO 
ADDRESS REGISTER 
5 32 fo) 
«@—6 BITS —p> 
MAIN MEMORY 
COUNTER 
PO DEC HEX 
POU POL 0 o 
11 87 re) 1 1 
«12 BITS ———> 
STACK ROM 1022 Ft 
REGISTER 1023 3FF 
P : 
Pu PL ° . 
1 a7 is) 2046 JFE 
2047 7FE 
—_——— 12 BITS ———e 
| i 
] | 
DATA \ 
COUNTER 
pc 1 
OCU Ocl ! 
87 0 1 | 
a 12 ee 4032 FCO 
4033 FCI 
: ‘ 
AUX DATA 
4094 FFE 
COUNTER 4095 FFF 
0C1 7 <8 BITS—e 0 
OCctu OCit 
14 87 0 
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12 


13 
14 


15 
16 
17 


75 


76 
77 


—_— 
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MK2870 MAIN MEMORY 
SIZE AND TYPE 


2870/10 


This device contains 64 bytes of scratchpad RAM. 


NOTE: 


Data derived from addressing any locations other than 
those within a part’s specified ROM space or RAM space 
(if any) is not tested nor is it guaranteed. Users should 
refrain from entering this area of the memory map. 










Scratchpad 
RAM Size 
(Decimal) 










Device 


To use a port pin as an input, the large transistor which pulls 
the pin to Veg must be turned off. This is accomplished by 
writing a ‘0’ to that bit of the port. This applies to Ports 0, 1,4, 
and 5 only. — 


MK2870 TIME BASE OPTIONS 


The MK2870 contains an on-chip oscillator circuit which 
provides an internal clock. The frequency of the oscillator 
circuit is set from the external time base network. The time 
base for the MK2870 may originate from one of four 
sources: 


1) Crystal 

2) LC Network 
3) RC Network 
4) External Clock 


The type of network which is to be used with the mask ROM 
MK2870 must be specified at the time when mask ROM 
devices are ordered. 


The specifications for the four configurations are given in 
the following text. There is an internal capacitor between 


Address 
Register Size 
(PO, P, DC, DC1) 


Figure 3 
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400 1024 


~~ 3FF 1023 


0000 0000 










ROM 
Size 
(Decimal) 


Executable 
RAM Size 
(Decimal) 





XTL 1 and GND and an internal capacitor between XTL 2 
and GND. Thus, external capacitors are not necessarily 
required. In all clock modes the external time base 
frequency is divided by two to form the internal PHI clock. 


CRYSTAL SELECTION 


The use of a crystal as the time base is highly recommended 
as the frequency stability and reproducability from system 
to system is unsurpassed. The MK2870 has an internal 
divide by two to allow the use of inexpensive and widely 
available TV Color Burst Crystals (3.58 MHz). Figure 6 lists 
the required crystal parameters for use with the MK2870. 
The Crystal Mode time base configuration is shown in 
Figure5. 


Through careful buffering of the XTL 1 pin it may be possible 
to amplify this waveform and distribute it to other devices. 
However, Mostek resommends that a separate active 
device (such as a 740U series TTL gate) be used to oscillate 
the crystal and the waveform from that oscillator be 
buffered and supplied to all devices, including the MK2870, 
in the event that a single crystal is to provide the time base 
for more than just a single MK2870. 
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1/0 PIN CONCEPTUAL DIAGRAM WITH OUTPUT BUFFER OPTIONS 


Vec o 











OUTPUT 
BUFFER 





READ PORT 


DATA BUS (WIRED-OR CONFIGURATION) 


OUTPUT BUFFER OPTIONS 
(MASK PROGRAMMABLE) 


Vec Vec 
6K‘) TYP 1K!) TYP 
STANDARD OPEN DRAIN DIRECT DRIVE 
OUTPUT OUTPUT 


Ports O and 1 are Standard Output type only. 

Ports 4 and 5 may both be any of the three output options (mask programmable bit by bit) 

The STROBE output is always configured similar to a Direct Drive Output except that it is capable of driving 3 TTL loads. 
RESET and EXT INT may have standard 6K 2 (typical) pull-up or may have no pull-up (mask programmable). 


When Direct Drive option is selected, it should be used as an Output only (not as an input). 


Figure 4 
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CRYSTAL MODE CONNECTION 


Tt 


AT - CUT 


NOTE: Lead lengths from the crystal to the 2870 pins should be kept reasonably short to 


reduce stray capacitance load. 


Figure 5 


CRYSTAL PARAMETERS 


a) Parallel resonance, fundamental mode AT-Cut 
b) Shunt capacitance (Cp) = 7 pf max. 
c) Series resistance (R,) = See table 


d) Holder = See table below. 


Frequency 
f = 2-2.7 MHz 


f = 2.8-4 MHz 


Series Resistance 
Rs = 300 ohms max 


Rs = 150 ohms max 


Holder 
HC-6 
HC-33 


HC-6 
HC-18* 
HC-25* 
HC-33 


*This holder may not be available at frequencies near the lower end of this range. 


Figure 6 


While a ceramic resonator may work with the MK2870 
crystal oscillator, it was not designed specifically to support 
the use of this component. Thus, Mostek does not support 
the use of a ceramic resonator either through proper 
testing, parametric specification, or applications support. 


LC NETWORK 


The LC time base configuration can be used to provide a less 
expensive time base for the MK2870 than can be provided 
with a crystal. However, the LC configuration is much less 
accurate than is the crystal configuration. The LC time base 
configuration is shown in Figure 7. Also shown in the figure 
are the specified parameters for the LC components, along 
with the formula for calculating the resulting time base 
frequency. The minimum value of the inductor which is 
required for proper operation of the LC time base network is 


THOMSON SEMICONDUCTEURS 
2-387 


0.1 mitlihenries. The inductor must be a Q factor which is no 
less than 40. The value of C is derived from C external, the 
internal capacitance of the MK2870 Cy, and the stray 
capacitances, Cg, arid Cgo. Cyq,_ is the capacitance looking 
into the internal two port network at XTL 1 and XTL 2. Cyq, 
is listed under the “Capacitance” section of the Electrical 
Specifications. Cg, and Cg» are stray capacitances from XTL 
1 to ground and from XTL 2 to ground, respectively. C 
external should also include the stray shunt capacitance 
across the inductor. This is typically in the 3 to 5 pf range 
and significant error can result if it is not included in the 
frequency calculation. 

Variation in time base frequency with the LC network can 
arise from one of four sources: 1) Variation in the value of 
the inductor. 2) Variation in the value of the external 
capacitor. 3) Variation in the value of the internal 
capacitance of the MK2870 at XTL 1 and XTL 2 and 4) 
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Variation in the amount of stray capacitance which exists in 
the circuit. Therefore, the actual frequency which is 
generated by the LC circuit is within a range of possible 
trequencies, where the range of frequencies is determined 
by the worst case variation in circuit parameters. The 
des. 1er must select component values such that the range 
of possible frequencies with the LC mode does not go 
outside of the specified operating frequency range for the 
MK2870. 


RC CLOCK CONFIGURATION 
The time base for the MK2870 may be provided from an RC 


network tied to the XTL 2 pin, when XTL 1 is grounded. A 
schematic picturing the RC clock configuration is shown in 


Figure8 . The RC time base configuration is intended to 
provide an inexpensive time base source for applications in 
which timing is not critical. Some users have elected to tune 
each unit using a variable resistor or external capacitor thus 
reducing the variation in frequency. However, for increased 
time base accuracy Mostek recommends the use of the 
Crystal or LC time base configuration. Figure 9 illustrates a 
curve which gives the resulting operating frequency for a 
particular RC value. The x-axis represents the product of the 
value of the resistor times the value of the capacitor. Note 
that three curves are actually shown. The curve in the 
middle represents the nominal frequency obtained for a 
given value of RC. A maximum curve and a minimum curve 
for different types of MK2870 devices are also shown in the 
diagram. 


LC MODE CONNECTION 








CEXTERNAL 
(OPTIONAL) 
1 
NOTE: The LC options uses the same mask option as the crystal option. 
f= 2 * Vtce 
Figure 7 
RC MODE CONNECTION 
RC MODE 
XTL1 
= i 
—L CEXTERNAL 
7T. (OPTIONAL) 
MINIMUM R = 4K () | 
C= 26.5 pF + 2.6pF + Cexternal 
Figure 8 
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FREQUENCY VS. RC 


3 MHz 





<aQgZgmcoman 







287X-00, -05 


287X-10, -15 


Figure 9 


The designer must select the RC product such that a 
frequency of less than 2 MHz is not possible taking into 
account the maximum possible RC product and using the 
minimum curve shown in Figure 9 . Also, the RC product 
must not allow a frequency of more than 4 MHz taking into 
account the minimum possible R and C and using the 
Maximum curve shown below. Temperature induced 
variations in the external components should be considered 
in calculating the RC Product. 


Frequency variation from unit to unit due to switching speed 
and level at constant temperature and Voc = + or -5 
percent. 


Frequency variation due to Vcc with all other parameters 
constant with respect to +5 V = +7 percent to -4 percent on 
all devices. 


Frequency variation due to temperature with respect to 25 
C (all other parameters constant) is as follows: 


PART # VARIATION 
287X-00, -05 +6 percent to - 9 percent 
287X-10, -15 +9 percent to -12 percent 


Variations in frequency due to variations in RC components 
may be calculated as follows: 


Maximum RC = (R max) (C external max + C7, max) 


THOMSON SEMICONDUCTEURS 
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Minimum RC = (R min) (C external min + Cyq, min) 


Typical RC = (R typ) (C external typ + 
{C7 max + Cy, min) 
2 


Positive Freq. Variation = RC typical - RC minimum 
RC typicz| 


Netative Freq. Variation = RC maximum - RC typical 
due to RC Components RC typical 


Total frequency variation due to all factors: 


287X-00, -05 

+18 percent plus positive 
frequency variation due 
to RC components 


287X-10, -15 

= +21 percent plus positive 
frequency variation due 

to RC components 


= -18 percent minus nega- = -21 percent minus | 
tive frequency variation due negative frequency variation 
to RC components due to RC components 


Total frequency variation due to Vcc and temperature of a 
unit tuned to frequenc at +5 V Vcc, 25 C 


287X-00, -O5 
= + 13 percent 


287X-10, -15 
= +16 percent 
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EXTERNAL MODE CONNECTION 


XTL1 XTL2 
NO CONNECTION EXTERNAL 
CLOCK 
INPUT 
Figure 10 


EXTERNAL CLOCK CONFIGURATION 
The connection for the external clock time base requirements. 


configuration is shown in FigurelO . Refer to the DC 
Characteristics section for proper input levels and current Refer to the Capacitance section for input capacitance. 
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ELECTRICAL SPECIFICATIONS OPERATING VOLTAGES AND TEMPERATURES 
MK2870 Dash Operating Operating 
Number Voltage Temperature 
Suffix Vec | Ta 
— 00 +5V+10% | O°C- 70°C 
— 05 +5 V+ 5% O°C - 70°C 
— 10 +5 V+ 10% -40°C - +85°C 
— 15 +5 V+ 5% ~40°C - +85°C 


See Ordering Information for explanation of part numbers. 


MAXIMUM RATINGS* 


-00, -05 -10, -15 
Temperature Under BiaS............. 0. cc cee ect w eee e eee ~20°C to +85°C -50°C to +100°C 
Storage Temperature. .......... ccc cece cece tec e tect ececes -65°C to +150°C -65°C to +150°C 
Voltage qn any Pin With Respect to Ground 
(Except open drain pins and TEST) .............. 0.00 cee eeeee -10Vto+7V -10Vto+7C 
Voltage on TEST with Respect to Ground ...............0008- -1.0Vto+9V -1.0Vto+9V 
Voltage on Open Drain Pins With Respect to Ground .......... -1.0V to +13.5 V -1.0Vto+13.5V 
Power DISSIDATION:. £55605 Guns ew chiar een eau eebene eae 1.5W 1.5 W 
Power Dissipation by any one I/O pin ........... cece eee eees 60 mW 60 mW 
Power Dissipation by all 1/O pins ...........-- ee ce eee ee eeee 600 mW 600 mW 


*Stresses above those listed under ‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation of 
the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


AC CHARACTERISTICS 
Ta, Vec within specified operating range. 
1/O power dissipation = 100 mW (Note 2) 












PARAMETER 


| -00,-05 | -10,-15 |_| 


250 | 500 ae 
90 pin = 
100 ic 390 
WRITE Internal WRITE Clock period 4td 4t® Short Cycle 

6t 6th Long Cycle 
1/0 tao Output delay from internal 50 pF plus 

WRITE clock one TTL load 

to Input setup time to internal 
WRITE clock 









Time Base Period, all clock modes 
External clock pulse width high 
External clock pulse width low 







A 





































'|STROBE | to. | Output valid to STROBE delay 3te | 3te | 3t@ | 3te 1/0 load = 
-1000 | +250 |-1200 | +300 50 pF + 1 TTL load 
STROBE low time ae 12tb | 8t est STROBE load = 
250 {| +250 | -300 50 pF + 3TTL loads 
RESET RESET hold time, low 6td 6th 
+750 +1000 
treoc RESET hold time, low for power power 
clear rise 
time + .15 
EXT INT hold time in active and 6t’ To trigger 
inactive state +1000 interrupt 
| | ate | | ns |Totrigger timer 
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DC CHARACTERISTICS 
Ta, Vec within specified operating range 
I/O power dissipation <= 100 mW (Note 2) 


SYMBOL | FARAMETER 
Average Power Supply Current MK2870/10 
Power Dissipation MK2870/10 
Outputs Open 


Outputs Open 
VIHEX External Clock input high level 2.4 
External Clock input low level 
ex | External Clock input high current 
External Clock input low current ViexVss | 


Cc 
Input high level, 1/O pins tandard pull-up 
: : Open drain (1) 
Vinr Input high level, RESET Standard pull-up 
Vine! 
L 


ak Input high level, EXT INT Standard pull-up 


| 
i 
Input low level 
Input low current, all pins with 
standard pull-up resistor 
| Input leakage current, open drain 
pins, and inputs with no pull-up resistor 
Output high current pins with standard 
pull-up resistor 


| 

I 
he 
L 
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DC CHARACTERISTICS (cont.) 
T,, Vcc within specified operating range, |/O power dissipation = 100 mW (Note 2) 


PARAMETER 
loHpp Output high current, direct drive 

pins 
lon 


STROBE Output High current 
i | Outputloweurrent | 








STROBE Output Low current 


TIMER AC CHARACTERISTICS 


Definitions: 
Error = Indicated time value - actual time value 


tpsc = t® x Prescale Value 


Interval Timer Mode: 


Single interval error, free running (Note 3) .......... cece e eee e eens 
Cumulative interval error, free running (Note 3) ............ ccc cece cee cece ee ecees 
Error between two Timer reads (Note 2) ......... 0. cc ccc cece cece eet eeeees 
Start Timer to stop Timer error (Notes 1, 4)....... 0... ccc ccc cece cence cee enceees 
Start Timer to read Timer error (Notes 1, 2)....... 0... cc ccc cece cc eee tee eee eeee 
Start Timer to interrupt request error (Notes 1, 3) .......... ccc cece eee cece eens 
Load Timer to stop Timer error (Note 1) 2.0.0... ccc cc ee cette eee eeenee 
Load Timer to read Timer error (NoteS 1, 2)......... 0. ccc cc cece ew cece eee eeee 
Load Timer to interrupt request error (Notes 1, 3) .......... cc cece ccc cece cece eee 


Pulse Width Measurement Mode: 


Measurement accuracy (Note 4) ...... 0.0... cc ccc ccc ee ee cee e ence essen sete 
Minimum pulse width of EXT INT pin. ... 0... ccc ce cc cee cee eee eee eenees 


Event Counter Mode: 


Minimum active time of EXTINT pin .. 0... 0... ccc cece cee cee e seen eee 
Minimum inactive time of EXTINT pin... .. 0... ccc ccc ee ee cee tee cee e ee eees 


NOTES: 

1. Alltimes which entail loading, starting, or stopping the Tirner are referenced 
from the end of the last machine cycle of the OUT or OUTS instruction. 

2. All times which entail reading the Timer are referenced from the end of the 
last machine cycle of the IN or INS instruction. 

3. All times which entail the generation of an interrupt request are referenced 
from the start of the machine cycle in which the appropriate interrupt 
request latch is set. Additional time may elapse if the interrupt request 
occurs during a privileged or multicycle instruction. 

4. Error may be cumulative if operation is repetitively performed. 
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i Saget Oh DS +t® to - (tpsc + t&) 
LA sdeteae -5t to - (tpsc + 7t®) 
ery eee -2t® to -8 t® 
s uiee ear + t® to - (tpsc + 2t) 


-5t® + to - (tpsc + 8td) 
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AC TIMING DIAGRAM 






External Clock 


to 
Internal © Clock a 


1/O Port Output 


STROBE 





RESET 


try 






ICP BIT 2 =0 
EXT INT 


ICP BIT 2 =1 


Note: All AC measurements are referenced to V,_ max., Vj, min., Vo, (-8v), or Voy (2.Ov). 


Figure 11 
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INTERNAL 
WRITE 
CLOCK 


* CYCLE TIMING 
SHOWN FOR 
4MHz EXTERNAL 
CLOCK 


INTERNAL 
WRITE 
CLOCK 


INTERNAL 
WRITE 
CLOCK 





. INPUT ON PORT 40OR 5 


B. OUTPUT ON PORT 4OR 5 







INPUT/OUTPUT AC TIMING 






j 2us* 3us* 
| INOR 
INS PORT AODR. PORT DATA NEXT 
OP CODE PLACED ON DRIVEN ON To OP CODE 
FETCHED DATA BUS DATA BUS FETCHED 
ba a as 


ts1/o> 


Ter er 


OUT OR 




















pape PORTADDR. | ACCUMULATOR | NEXT 
oP cope | ON DATA CONTENTS OP CODE 
FETCHED 
etacaco | 80s ON DATA BUS 
| PORT PINS 4 
STROBE 


(ACTIVE FOR PORT 4 ONLY) 







PORT 
DATA ON 
BUS 







INS 0, 1 
FETCHED 


PORT PINS 


C. INPUT ON PORT 0 OR 1 


Figure 12 
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CYCLE TIMING 
DEPENDS ON INSTRUCTION 


CYCLE TIMING 
DEPENDS ON INSTRUCTION 


STAYS LOW 


FOR TWO WRITE 
CYCLES 










NEXT 
OP CODE 
FETCHED 


D. OUTPUT ON PORT 0, 1 
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STROBE SOURCE CAPABILITY 
(TYPICAL AT Voc = 5 V, Ta = 25°C) 
Figure 13 


mODcCoOn 


rs sa2emnncen 


STROBE SINK CAPABILITY 
(TYPICAL AT Vec =5V, Ty = 25°C) 
Figure 14 


pez azZmynecn x2-% 


STANDARD I/O PORT SOURCE CAPABILITY 
(TYPICAL AT Vec =5V,Ta= 25°C) 
Figure 15 
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DIRECT DRIVE 1/O PORT SOURCE CAPABILITY 


(TYPICAL AT Voc = 5 V, Ta = 25°C) 
Figure 16 
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1/0 PORT SINK CAPABILITY 


| ay 
= 
£. 
S 
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OUTPUT VOLTAGE 








MAXIMUM OPERATING TEMPERATURE VS. 
I/O POWER DISSIPATION 


Figure 18 


POI/O MW 
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ORDERING INFORMATION 


There are two types of part numbers for the 2870 family of 
devices. The generic part number describes the basic device 
type, the amount of ROM and Executable RAM, the desired 
package type, temperature range, and power supply 
tolerance. For each customer specific code, additional 
information defining |/O options and oscillator options will 
be combined with the information described in the generic 
part number to define a customer/code specific device 
order number. 


GENERIC PART NUMBER 
An example of the generic part number is shown below. 


MK 2870710N-10 


|e Supply Tolerance 
Operating Temperature Range 


Package type 


Executable RAM Designator 


ROM Designator 


Basic Device Type 


DEVICE ORDER NUMBER 
An example of the device order number is shown below. 


MK 80007N-05 


Power Supply Tolerance 
Operating Temperature Range 


Package Type 
Customer/Code Specific Number 


The Customer/Code specific number defines the ROM bit 
pattern, |/O configuration, oscillator type, and generic part 
type to be used to satisfy the requirements of a particular 
customer purchase order. For further information on the 
ordering of mask ROM devices, the customer should refer to 
the 3870 Family Technical Manual. 


0=5V+10% 
5=-5V+5% 

0 = 0°C - +70°C 
1 = -40°C - +85°C 
N = Plastic 

O = None 

2 = 64 bytes 

-1 = 1K bytes 

2 = 2K bytes 
0O=5V+10% 
5=5V+5% 

0 = O°C - +70°C 


1 = -40°C - +85°C 


N = Plastic 


These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different products. 
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MK3870 ® MK38P70 


3870 SINGLE CHIP Witelstena lm ae 


‘'MK3870 FEATURES 


e Available with 1K, 2K, or 4K bytes of mask 
programmable ROM memory 


64 bytes scratchpad RAM 
Available with 64 bytes executable RAM 
32 bits (4 ports) TTL compatible I/O MK3870 
Programmable binary timer 
Interval timer mode 
Pulse width measurement mode 
Event counter mode 
‘External interrupt input - 
Crystal, LC, RC, or external time base options 
‘Low power (275 mW typ.) 
Single +5 volt supply 
MK38P70 FEATURES 
@ EPROM version of MK3870 
MK38P70 
@ Piggyback PROM (P-PROM)™ package 
® Accepts 24 pin or 28 pin EPROM memories 
®@ Identical pinout as MK3870 


In-Socket emulation of MK3870 





FEBRUARY 1987 1/28 
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XTL1 = XTL2 


CLOCK 


MEMORY ADDRESS BUS 
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Pr4 
TEST 








MK3870 BLOCK DIAGRAM | 


EXT INT 


3 : INTERRUPT 





1/0 (8) 1/0 (8)StROBE 


Figure 1 


PIN ASSIGNMENTS 





















PIN NAME /} DESCRIPTION TYPE 

PO-0 -- PO-7 | 1/0 Port O Bidirectional 
PT-O -- PT-7 | 1/0 Port 1 Bidirectional 
P4-0 -- P4-7 | 1/0 Port 4 Bidirectional 
P5-0 -- P5-7 | 1/0 Port 5 Bidirectional 
STROBE Ready Strobe Output 
EXT INT External Interrupt Input 

RESET External Reset Input 

TEST Test Line Input 

XTL 1, XTL 2 | Time Base Input 

Vcc. GND | Power Supply Lines | Input 
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SCRATCHPAD 


REGISTERS 


A 
Cc 
Cc 
U 
M 
U 
L 
A 
T 
oO 
R 





RESULT BUS 


RESET & 
POWER ON 
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GENERAL DESCRIPTION 


The MK3870 is a complete 8-bit microcomputer on a single 
MOS integrated circuit. The MK3870 can execute a set of 
more than 70 instructions, and is completely software 
compatible with the rest of the devices in the 3870 family. 
The MK3870 features 1-4K bytes of ROM and optional 
additional executable RAM depending on the specific part 
type designated by a slash number suffix. The MK3870 also 
features 64 bytes of scratchpad RAM, a programmable 
binary timer, and 32 bits of I/O. 


The programmable binary timer operates by itself in the 
interval timer mode or in conjunction with the external 
interrupt input in the pulse width measurement and the 
event counter modes of operation. Two sources of vectored, 
prioritized interrupt are provided with the binary timer and 
the external interrupt input. The user has the option of 


specifying one of four clock sources for the MK3870 and 
MK38P70: Crystal, LC, RC, or external clock. In addition, the 
user can specify either a +10% power supply tolerance or a 
+5% power supply tolerance. 


The MK38P70 microcomputer is the PROM based version 
of the MK3870. It is called the piggyback PROM (P-PROM)™ 
because of its packaging concept. This concept allows a 
standard 24-pin or 28 pin EPROM to be mounted directly on 
top of the microcomputer itself. The EPROM can be 
removed and reprogrammed as required with a standard 
PROM programmer. The MK38P70 retains exactly the 
same pinout and architectural features as other members 
of the 3870 family. The MK38P70 is discussed in more 
detail in a later section. 


FUNCTIONAL PIN DESCRIPTION 


A NS a 


32 lines which can be individually used as either TTL 
compatible inputs or as latched outputs. 


STROBE is a ready strobe associated with !/O Port 4. This 
pin, which is normally high, provides a single low pulse after 
valid data is present on the P4-0--P4-7 pins during an 
output instruction. 


RESET may be used to externally reset the MK3870. When 
pulled low the MK3870 will reset. When then allowed to go 
high the MK3870 will begin program execution at program 
location H ‘O00’. 


EXT INT is the external interrupt input. Its active state is 
software programmable. This input is also used in 
conjunction with the timer for pulse width measurement 
and event counting. 


XTL1 and XTL 2 are the time base inputs to which a crystal, 
LC network, RC network, or an external single-phase clock 
“may be connected. The time base network must be 
specified when ordering a mask ROM MK3870. The 
MK38P70 will operate with any of the four configurations. 


TEST is an input, used only in testing the MK3870. For 
normal circuit function this pin may be left unconnected, but 
it is recommended that TEST be grounded. On MK38P70 
devices, the TEST must be grounded. 


Vcc is the power supply input (single +5v). 
MK3870 ARCHITECTURE 


The basic functional elements of the MK3870 are shown in 
Figure 1. A programming model is shown in Figure 2. The 
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architecture is common to all members of the 3870 family. 
All 3870 devices are instruction set compatible and differ 
only in amount and type of ROM, RAM, and1/O. The unique 
features of the MK3870 are discussed in the following 
sections. The user is referred to the 3870 Family Technical 
Manual for a thorough discussion of the architecture, 
instruction set, and other features which are common to all 
3870 family devices. 


MK3870 MAIN MEMORY 


There are four address registers used to access main 
memory. These are the Program Counter (PO), the Stack 
Register (P), the Data Counter (DC), and the Auxiliary Data 
Counter (DC1). The Program Counter is used to address 
instructions or immediate operands. The Stack Register is 
used to save the contents of the Program Counter during an 
interrupt or subroutine call. Thus, the Stack Register 
contains the return address at which processing is to 
resume upon completion of the subroutine or interrupt 
routine. The Data Counter is used to address data tables. 
This register is auto-incrementing. Of the two data 
counters, only Data Counter (DC), can access the ROM. 
However, the XDC instruction allows the Data Counter and 
Auxiliary Data Counter to be exchanged. 


The graph in Figure 3 shows the amounts of ROM and 
executable RAM for every available slash number in the 
MK3870 pin configuration. 


EXECUTABLE RAM 


The upper bytes of tie address space in some of the 
MK3870 devices are RAM memory. As with the ROM 
memory, the RAM may be addressed by the PO and the DC 
address registers. The executable RAM may be addressed 
by all MK3870 instructions which address Main Memory. 
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MK3870 MAIN MEMORY 
SIZES AND TYPES BY SLASH NUMBERS 


Hex Dec 


7 64 bytes 
RAM | FEF S098 executable 
\, FCO 4032 RAM 
FBF 4031 
I y 
| { 
| | 
l | _ 800 2043 
7FF 2047 
_ 400 1024 
3FF 1023 
0000 0000 


3870/20 3870/22 3870/40 3870/42 


LT 


All devices contain 64 bytes of scratchpad RAM. 


NOTE: Data derived from addressing any locations other than 
those within a part’s specified ROM space or RAM space 
(if any) are not tested nor are the data guaranteed. Users 
should refrain from entering this area of the memory 
map. 


















Executable | 
RAM Size 









ROM 
Size 
(Decimal) 


Address 
Register Size 
(PO, P, DC, OC1) 


Scratchpad 
RAM Size 
(Decimal) 


*The MK3870/ 20 is equivalent to the original 3870 device in memory size; however, the original 3870 had an 11-bit 
Address Register. The original 3870 with 11-bit Address Register is available where required. Consult the section 
describing ROM Code Ordering Information for additional information. . 






Device 










Figure 3 
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Additionally, the MK3870 may execute an instruction 
sequence which resides in the executable RAM. Note this 
cannot be done with the scratchpad RAM memory, which is 
the reason the term “executable RAM” is given to this 
additional memory. 


I/O PORTS 


The MK3870 provides four, 8 bit bidirectional Input/Output 
ports. These are ports O, 1, 4, 5. In addition, the Interrupt 
Control Port is addressed as Port 6 and the binary timer is 
addressed as Port 7. The programming of Ports 6 and 7 and 





the bidirectional I/O pin are covered in the 3870 Famih 
Technical Manual. The schematic of an I/O pin an 
available output drive options are-shown in Figure 4. 


An output ready strobe is associated with Port 4. This fla 
may be used to signal a peripheral device that the MK387 
has just completed an output of new data to Port 4. Th 
strobe provides a single low pulse shortly after the outpt 
operation is completely finished, so either edge may be use 
to signal the peripheral. STROBE may also be used as a 


input strobe to Port 4 after completing the input operatior 


1/O PIN CONCEPTUAL DIAGRAM WITH OUTPUT 
BUFFER OPTIONS 


Vcc o 





READ PORT 
LOAD PORT 


DATA BUS (WIRED-OR CONFIGURATION) 


OUTPUT 
BUFFER 








OUTPUT BUFFER OPTIONS 
(MASK PROGRAMMABLE) 


Voc 


6K.) TYP. 


= 4 


—me 
-_ 


STANDARD 
OUTPUT 


Ports O and 1 are Standard Output type only. 


OPEN DRAIN 
OUTPUT 


1K9) TYP. 


DIRECT DRIVE 
OUTPUT 


Ports 4 and 5 may both be any of the three output options (mask programmable bit by bit) 


The STROBE output is always configured similar to a Direct Drive Output except that it is capat 9 of driving 3 TTL loads. 


RESET and EXT INT may have standard 6K!) (typical) pull-up or may have no pull-up, (mask programmable). 


RESET and EXT INT do not have internal pull up on the MK38P70. 


Figure 4 
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MK38P70 GENERAL DESCRIPTION 


The MK38P70 is the EPROM version of the MK3870. It 
retains an identical pinout with the MK3870, which is 
documented in the section of this data sheet entitled 
“FUNCTIONAL PIN DESCRIPTION”. The MK38P70 is 
housed in two packages which incorporate a 28 or 24-pin 
socket located directly on top of the package. A number of 
standard EPROMs may be plugged into this socket. 

The MK38P70 can act as an emulator for the purpose of 
verification of user code prior to the ordering of mask ROM 
MK3870 devices. Thus, the MK38P70 eliminates the need 
for emulator board products. In addition, several MK38P70s 





can be used in prototype systems in order to test design 
concepts in field service before committing to high-volume 
production with mask ROM MK3870s. The compact size of 
the MK38P70/EPROM combination allows the packaging 
of such prototype systems to be the same as that used in 
production. Finally, in low-volume applications, the 
MK38P70 can be used as the actual production device. 


Most of the material which has been presented for the 
MK3870 in this document applies to the MK38P70. This 
includes the description of the pin . configuration, 
architecture, programming model, and 1/O ports. Additional 
information is presented in the following sections. 


MK38P70 BLOCK DIAGRAM 


XTL2 


XTL1 


EXTERNAL 
PROM 





MEMORY ADDRESS BUS 





TEST 


Figure 5 


MK38P70 MAIN MEMORY 


There are two basic versions of the MK38P70. These are 
the 97400 series and the 97500 series. The 97400 series 
parts have twelve bit address capability thus a total 4K 
memory map like the MK3870 ROM devices. The 97500 
series has 16 bit address capability. The 97400 series 
accepts 24 pin EPROMs, and the 97500 series accepts 28 
pin EPROMs. 
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CONTROL 


LOGIC 





Fe 18) STROBE 
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EXT INT 






REGISTERS 


RESULT BUS 


RESET& | 
POWER ON 
CLEAR 





1/0 (8) RESET 


As can be seen from Figure 6, both the 97400 series and the 
97500 series contain on-chip RAM in the upper portion of 
their memory maps and no on-chip ROM. Instead of on-chip 
ROM, address and dat ° lines are brought out to the 28 pin 
socket located directly on top of the 40 pin package so that 
external memory devices (principally EPROMs) are 
addressed. 


By using an external EPROM, the 38P70 may be used to 
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MK38P70 MAIN MEMORY MAP 














MK38P70 devices have no internal ROM memory. 
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Figure 6 


emulate the 3870 ROM devices. The 97400 series can 
directly emulate the following devices. 


MK3870/10 
MK3870/20 
MK3870/22 
MK3870/42 


The MK3870/40 cannot be emulated exactly by the 97400 
series because the 97400 devices have the 64 bytes of 
RAM in the upper memory map while the 3870/40 
provides ROM memory in this address space. 


Besides the difference in the size of the address registers, 
97500 series can also emulate many of the 3870 ROM 
devices. This difference in address capability shouid not 
cause any functional difference as long as normal 
programming practice is used. That is, as long as address 
roll-over or automatic truncation is not used. One such 
usage would be an end around branch (branching forward 
at upper memory to get to lower memory). Another case 
would be in using automatic truncation of data loaded into 
the 12 bit address registers on the ROM devices. For 
example, to access some particular location (O3FF hex for 
example) via the data counter, one could load that address 
into DC using the DCI instruction. The instruction 
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DCI “73FF’ 


would cause 3FF to be loaded into the DC of the 3870 RON 
device because the upper bits of the DC (bits 12-15) do no 
exist. If that instruction was followed by the LM instruction 
the data stored at location 3FF would be obtained. Thi 
97500 series devices would not truncate the 73FF addres: 
to 3FF. As previously stated, this type of programming i: 
generally not done and thus the 97500 devices can be user 
to emulate the following devices directly. 


MK3870/10 
MK3870/20 
MK3870/40 


The 97500 series can also be used to emulate th 
remainder of the 3870 devices as long as one accounts fo 
the difference in the location of the RAM memory. In th 
97500 devices, RAM is located at FFCO through FFFI 
While in 3870 devices this RAM (when it exists) is located é 
OFCO through OFFF. When this minor difference i 
accounted for, the 97500 series will also emulate th 
following devices. 


MK3870/22 
MK3870/42 
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MK38P70 EPROM SOCKET 


A 28 or 24 pin socket is located on top of the 40 pin package, 
depending on the specific device. A 28 pin top socket array 
was used so that the same package could be used for all 
38P70 devices but could accommodate both 24 pin and 28 
pin. Due to pin-out differences between various common 
memory devices, several different versions of the MK38P70 
are provided with differing signals connected to particular 


pins on the socket. Figure 7 shows the various options 


available. When 24 pin memories are used, they are 
inserted so that pin 1 of the memory device is plugged into 
pin 3 of the array (the 24 pin memory is lower justified in the 
28 pin array). 





MK38P70 I/O PORTS 


For custom 3870 ROM codes, the user is given a bit by bit 
selection of |/O options on I/O ports 4 and 5. Additionally, 
the user has the option of selecting whether or not either 
RESET or EXT INT has an internal pull-up resistor. This 
flexibility allows about 172 million possible variations in 1/O 
port and RESET and EXT INT configurations. Obviously, it is 
not practical to offer this variety in an “off the shelf’’ product 
like the 38P70. Thus a few variations are offered which still 
give some flexibility to the designer. The available 1/O 
options are also shown in Figure 7. 





MK38P70 VERSIONS 


PORT 4 PORT 5 
DEVICE I/O TYPE 1/0 TYPE 
MK97400 
MK97410 
MK97501 
MK97521 





Vec Vec 
Vss yor 
7 
As A 
A, A, 
A, (21) 23 @ {Vcc 
A; (20) 22 @ |Vss 
A, (19) 21 @/A,, 
A, (18) 20 @[A,, 
Ao (17) 19 @ |D, 
Dy (16) 18 @ /D, 
D, (15) 17 @ [D, 
D, (14) 16 @ [D, 
Vss (13) 15 @ {D3 


VERSION A 


“NOTE: On Version A packages, sockets are provided in only 24 of the 28 
possible locations for a 24 pin EPROM. 
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TOP 28 PIN 
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MK37000 ROM MK34000 ROM 
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Figure 7 
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28 PIN SOCKET SIGNALS 


The 40 package pins are the identical signals that are 
provided with the MK3870 ROM devices. In addition to 
these 40 inputs and outputs, various other signals are 
implemented on the 38P70 die which are available for 
connection to the top socket. Depending upon the 
particular version, some subset of these signals are 
connected to the 28 or 24 pin socket. These signals are 
described below. 


Ao - A, 1 (97400 Series) 
Ao - Ais (97500 Series) 


These are the address buses. They are always outputs and a 
new address will appear on this bus during each machine 
cycle. Normally this is the address of op-codes or operands, 
but there are machine cycles wherein no op-code or 
operand is required by the CPU. During these cycles, an 
address is still provided but the data that may be read from 
that address is not used. 


Do - D7 (97400 and 97500 Series) 


This is the bi-directional data bus for the external memory. 
Normally these lines are high impedance inputs. During 
op-code or operand reads, they receive data from the 
external memory and conduct it onto the internal 38P70 
data bus. During those cycles wherein the operation is 
strictly internal to the 38P70, they remain hi-z inputs. Data 
may be presented to the 38P70 by an external memory 
device but it is not conducted onto the internal data bus. This 
includes machine cycles wherein op-codes or operands are 
read from the internal executable RAM. During the operand 
write machine cycle that occurs in the ST (store) instruction, 
they become push-pull outputs to conduct data to be written 
out to the external memory. However, if data is written to 
the internal executable RAM, this transaction is strictly 
internal and thus the data bus lines remain in their hi-z 
state. It, therefore, depends upon the address as to whether 
this bus becomes 4n active output bus or remains high 
impedance. If the address of the operand is not within the 
internal executable RAM space when a ST instruction is 
executed, Dp - Dz will become active outputs at the appro- 
priate time, or else they will remain in the hi-z state. The 
97400 devices do not provide a RD (read) control signal, nor 
is this signal provided on all versions of the 97500 series. 
Thus if a ST is executed with the operand address being that 
of external memory, that memory may access data and 
drive it onto Dg - D7 while the 38P70 is also driving data onto 
Do -D7 and a bus conflict will result. This condition should 
be avoided; thus the user should note whether or not his 
external memory will drive Dg - D7 in this event. If it will 
drive Do - D7, an ST with that operand address should be 
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avoided. In general, one would not normally execute a writ 
to a memory location where there is ROM or EPRON 
memory instead of RAM. However, some 3870 users hav 
found the ST instruction useful even in devices like th 
3870/20 which have no executable RAM. In this case | 
causes the data counter to increment (to perhaps totaliz 
some event) but otherwise does nothing as one cannc 
write the internal ROM. No internal conflicts will occur | 
one attempts to write a 3870 ROM location. Most 9750 
versions place a RD (read, active low) signal on the to 
socket pin which matches the OE (output enable, active low 
input on most memories. Since RD will remain high durin 
an operand write, the external memory would not have it: 
data outputs enabled and no conflict will occur. 


MREQ (97500 Series Only) 


This is an active low output which occurs during eact 
machine cycle. It goes high at the start of each cycle ther 
goes low for the remainder of the cycle. 


RD (97500 Series Only) 


This is the active low read output which goes high at the 
start of each cycle then goes low if data (op-codes o1 
operands) are to be read from external memory. Durinc 
cycles wherein a strictly internal operation occurs, RD wil 
remain high. It will also remain high during an operanc 
write cycle. 


WR (97500 Series Only) 


This is the active low write control output. It is normally hig! 
but will go low then return high during an operand write i 
the address is not that of internal executable RAM. 





FETCH (97500 Series Only) 


This is the active low fetch status signal which signals tha 
an op-code fetch occurred during that cycle. It is generate 
for use of the 97500 as a development system component 


It will go low during all op-code fetches whether fron 
internal or external memory. - 


38P70 EXTERNAL MEMORY TIMING 


The following Figures show the relative waveforms for the 
signals used to interface with external memory. The timing 
parameters are labeled. Their values are given in the A.C 
Characteristics section of the Electrical Specifications. 
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97400 SERIES TIMING 
Read Cycle 


a ez 


aas 


= Actively driven by 38P70 but not necessarilyin 
valid state. 

= Not actively driven by the 38P70. May be. 
actively drivan by external memory but does 
not have to be in a valid state or may be placed 


in hi-z state by external memory. 


Figure 8 


97500 SERIES TIMING 
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Figure 9 
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97500 SERIES TIMING (Continued) 
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_97500 SERIES TIMING (Continued) 





FETCH 


COTULLA 


Dy- Dis 


Sate 0) coeaeeianr cos enreneenenaeeenecmmreenenanny 0 emma 


C. EXAMPLES OF VARIOUS CYCLES 


@ Op-code fetch from external memory followed 
by an internal cycle (short cycle). 

@ Op-code fetch from external memory followed 
by an internal cycle (long cycle) such as an 
operand read or write internal executable RAM. 

® Op-code fetch from intemal executable RAM. 

@ Op-code fetch from internal executable RAM 
followed by a internal cycle (long cycle) such as 
an operand read or write of internal executable 


RAM. 


@® First cycle of an interrupt acknowledge. Had an 
interrupt not occurred, this would have been an 
op-code fetch. If it would have been an external 
op-code fetch, RD will still go low but FETCH 
will not indicate a fetch cycle. Externally this 
would appear to be an operand read except that 
it occurs in a short cycle and all real operand 
reads occur in a long cycle. 


Figure 9 


3870 TIME BASE OPTIONS 


The 3870 contains an on-chip oscillator circuit which 
provides an internal clock. The frequency of the oscillator 
circuit is set from the external time base network. The time 
base for the 3870 may originate from one of four sources: 


1) Crystal 

2) LC Network 
3) RC Network 
4) External Clock 


The type of network which is to be used with the mask ROM 
MK3870 must be specified at the time when mask ROM 
devices are ordered. However, the MK38P70 may operate 
with any of the four configurations so that it may emulate 
any configuration used with a mask ROM device. 
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The specifications for the four configurations are given in 
the following text. There is an internal 26 pF capacitor 
between XTL 1 and GND and an internal 26 pF capacitor 
between XTL 2 and GND. Thus, external capacitors are not 
necessarily required. In all external clock modes the 
external time base frequently is divided by two to form the 
internal PHI clock. 


CRYSTAL SELECTION 


The use of a crystal as the time base is highly recommended 
as the frequency stability and reproduction from system to 
system is unsurpassed. The 3870 has an internal divide by 
two to allow the use of inexpensive and widely available TV 
Color Burst Crystals (3.58 MHz). Figure 11 lists the required 
crystal parameters for use with the 3870. The Crystal Mode 
time base configuration is shown in Figure 10. 
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Through careful buffering of the XTL1 pin it may be possible 
to amplify this waveform and distribute it to other devices. 
However, Mostek recommends that a separate active 
device (such as a 7400 series TTL gate) be used to oscillate 
the crystal and that the waveform from that oscillator be 
buffered and supplied to all devices, including the 3870, if a 
single crystal is to provide the time base for more than just a 
single 3870. 


While a ceramic resonator may work with the 3870 crystal 
oscillator, it was designed specifically to support the use of 
this component. Thus, Mostek does not support the use of a 
ceramic resonator either through proper testing, parametric 
specification, or applications support. 





LC NETWORK 


The LC time base configuration can be used to provide a les 
expensive time base for the 3870 than can be provided wit 
a crystal. However, the LC configuration is much les 
accurate than is the crystal configuration. The LC time bas 
configuration is shown in Figure 12. Also shown in th 
figure are the specified parameters for the LC component: 
along with the formula for calculating the resulting tim 


base frequency. The minimum value of the inductor whic 


is required for proper operation of the LC time base networ 
is 0.1 millihenries. The inductor must have a QO factor whic 
is no less than 40. The value of C is derived from C externa 
the internal capacitance of the 3870, C,7,, and the stra 


CRYSTAL MODE CONNECTION 


tg t 


AT - CUT 


Figure 10 


CRYSTAL PARAMETERS 


a) Parallel resonance, fundamental mode AT-Cut 


b) Shunt capacitance (Cp) = 7 pf max. 
c) Series resistance (Rc) = See table 
d) Holder = See table below. 


Frequency 
f = 2-2.7 MHz 


f = 2.8-4 MHz 


Series Resistance 
Rs = 300 ohms max HC-6 


Holder 


HC-33 


Rs = 150 ohms max HC-6 


HC-18* 
HC-25* 
HC-33 


*This holder may not be available at frequencies near the lower end of this range. 


Figure 11 
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LC MODE CONNECTION 






as | al 


CEXTERNAL 
(OPTIONAL) 
1 
f= 23 Vic 
Figure 12 


capacitances, Co, and Ceo. Cy, is the capacitance looking 
into the internal two port network at XTL1 and XTL2. Cy, is 
listed under the “Capacitance” section of the Electrical 
Specifications. C., and Coo are stray capacitances from 
XTL1 to ground and from XTL2 to ground, respectively. C 
external should also include the stray shunt capacitance 
across the inductor. This is typically in the 3 to 5 pf range 
and significant error can result if it is not included in the 
frequency calculation. 


Variation in time base frequency with the LC network can 
arise from one of four sources: 1) Variation in the value of 
the inductor. 2) Variation in the value of the external 
capacitor. 3) Variation in the value of the internal 
capacitance of the 3870 at XTL1 and XTL2 and 4) Variation 
in the amount of stray capacitance which exists in the 
circuit. Therefore, the actual frequency which is generated 
by the LC circuit is within a range of possible frequencies, 
where the range of frequencies is determined by the worst 
case variation in circuit parameters. The designer must 
select component values such that the range of possible 
frequencies with the LC mode does not go outside of the 
specified operating frequency range for the 3870. 


RC CLOCK CONFIGURATION 


The time base for the 3870 may be provided from an RC 
network tied to the XTL2 pin, when XTL1 is grounded. A 
schematic picturing the RC clock configuration is shown in 
Figure 13. The RC time base configuration is intended to 
provide an inexpensive time base source for applications in 
which timing is not critical. Some users have elected to tune 
each unit using a variable resistor or external capacitor thus 
reducing the variation in frequency. However, for increased 
time base accuracy, Mostek recommends the use of the 
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Crystal or LC time base configuration. Figure 14 illustrates a 
curve which gives the resulting operating frequency for a 
particular RC value. The x-axis represents the product of the 
value of the resistor times the value of the capacitor. Note 
that three curves are actually shown. The curve in the 
middle represents the nominal frequency obtained for a 
given value of RC. A maximum curve and a minimum curve 
for different types of 3870 devices are also shown in the 
diagram. 


The designer must select the RC product such that a 
frequency of less than 2 MHz is not possible, taking into 
account the maximum possible RC product and using the 
minimum curve shown in Figure 14 below. Also, the RC 
product must not allow a frequency of more than 4 MHz, 
taking into account the minimum possible R and C and 
using the Maximum curve shown below. Temperature 
induced variations in the external components should be 
considered in calculating the RC product. 


Frequency variation from unit to unit owing to switching 
speed and level at constant temperature and Vo, = + or -5 
percent. 


Frequency variation due to Vcc with all other parameters 
constant with respect to +5V = +7 percent to -4 percent on 
all devices. 


Frequency variation due to temperature with respect to 25 
C (all other parameter: constant) is as follows: 


PART # VARIATION 
387X-00, -05 +6 percent to - 9 percent 
387X-10, -15 +9 percent to -12 percent 
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RC MODE CONNECTION 


RC MODE 





— cexterNaL 
TS (OPTIONAL) 


| 
MINIMUM R = 4K i 
C= 26.5 pF + 2.6pF + Cexternal 


Figure 13 


FREQUENCY VS. RC 





3 MHz 






<OZmecoman. 


387X-00,-05 


387X-10, -15 


1x 10°77 2x10°7 2.5x10°7 3x 1077 
Figure 14 
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Variations in frequency due to variations in RC components 


may be calculated as follows: 


Maximum RC = (R max) (C external max + Cy, max) 


Minimum RC = (R min) (C external min + Cy, min) 


Typical RC = (R typ) (C external typ + 
{Cyq_ max + Cy, min) 
2 


Positive Freq. Variation = RC typical - RC minimum 
RC typical 


Negative Freq. Variation = RC maximum - RC typical 
due to RC Components RC typical 


Total frequency variation due to all factors: 


387X-00, -05 

= +18 percent plus positive 
frequency variation due 
to RC components 


387X-10, -15 


frequency variation due 
to RC components 


= +21 percent plus positive 


= -18 percent minus negative =-21 percent minus 


frequency variation due to negative frequency 
RC components variation due to RC 
components 


Total frequency variation due to Voc and temperature of a 
unit tuned to frequency at +5V V>>, 25 C 


387X-00, -05 
= + 13 percent 


387X-10, -15 
= + 16 percent 


EXTERNAL CLOCK CONFIGURATION 


The connection for the external clock time base 
configuration is shown in Figure 15. Refer to the DC 
Characteristics section for proper input levels and current 
requirements. 


Refer to the Capacitance section of the appropriate 3870 
Family device data sheet for input capacitance. 


EXTERNAL MODE CONNECTION 


NO CONNECTION 


Figure 15 
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EXTERNAL 
CLOCK 
INPUT 
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ELECTRICAL SPECIFICATIONS OPERATING VOLTAGES AND TEMPERATURES 
MK3870, MK38P70 Dash Operating Operating 
Number Voltage Temprature 
Vec Ta 











+5V + 10% 0°C - 70°C 









— 05 +5V + 5% O°c - 70°C 
— 10 +5V + 10% -40°C - +85°C 
— 15 +5V + 5% -40°C - +85°C 





See Ordering Information for explanation of part numbers. 
MAXIMUM RATINGS* 


-00, -05 -10, -15 

Temperature Under BiaS............ cece cece eee ececees -20°C to +85°C -50°C to +100°C 
Storage TOMperature... 6s ciaes de ciecdctvewesecvevesceees -65°C to +150°C -65°C to +150°C 
Voltage on any Pin With Respect to Ground . 

(Except open drain pins and TEST) ............ccccceeceaves -1.0V to +7V -1.0V to +7V 
Voltage on TEST with Respect to Ground .................06- _-1.0V to +9V -1.0V to +9V 
Voltage on Open Drain Pins With Respect toGround .......... -1.0V to +13.5V -1.0V to +13.5V 
Power DISSIDGHON: 16:i:< gsiso3.4 5508558 Saw SNA SOS eek wee bees 1.5W 1.5W 
Power Dissipation by any one I/O pin ............ cece eee eee 60mW 60mW 
Power Dissipation by all 1/O pins ............ cc cece ec ce ceces 600mW 600mW 


*Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation of the device at. 
these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


AC CHARACTERISTICS 
Ta, Vcc within specified operating range. 
1/O power dissipation < 100mW (Note 2) 


PARAMETER 


Time Base Period, all clock modes 


External clock pulse width high 
External clock pulse width low 


Internal ® clock . 


tw Internal WRITE Clock period 
tgi/O | Output delay from internal 
WRITE clock 


ts1/O | Input setup time to internal 
WRITE clock 


/OQ-s | Output valid to STROBE delay 3th 
-1000 

8tb 

25 


toi STROBE low time STROBE load= 
-250 50pF + 3TTL loads 
RESET hold time, low 6th 


tRPOc | RESET hold time, low for power ail 
clear ime - 


time -01 
EXTINT |} tey EXT INT hold time in active and 6th To trigger 
inactive state j interrupt 


To trigger timer 


a 
a 
> 
m 


TROBE 


lang 


ESET 
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AC CHARACTERISTICS FOR MK38P70 Signals brought to top 28 pin socket. 
Ta Vcc within specified operating range. 
I/O Power Dissipation < 100 mW (Note 2) 


97400 Series (See Note 3) 


SYMBOL |PARAMETER rin | max [Mi | MAX UNIT | CONDITION 
lane External memory required 3t® 3th 
access time from Ap-A,, stable -850 ~850 


97500 Series (See Note 3) 


-0 
SIGNAL |; SYMBOL | PARAMETER 


MREQ high time 














-10, -15 


8 
fo) 
a 


UNITS|CONDITION 





Load = 50 pF + 1 





= 
RQ ie 


tw 
Ss 
Ln 
Q 6 
tw 
Rs 












TTL load 

RD high time 2th Load = 50 pF + 1 
-100 TTL load 

WR low from 3 to 3 to Load = 50 pF + 1 
MREQ low ~200 -200 TTL load 


t 
100 | -100 


(°) 
nd 
o 
+ 






+ 
+ 
Q6 





Load = 50 pF + 1 
TTL Load 





FETCH stable prior 
to rising MREQ 





CH hold tim 


FET e Load = 20 pF 
after MREQ high 





Load = 50 pF + 1 
TTL load 





Address stable prior 
to RD or MREQ falling 


Load = 20 pF 


Load = 50 pF + 1 
TTL load 


Load = 20 pF 
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Address hold time after 
high 


MREO, RD, or WR 


External memory required 
access time from - it 


External memory required 2t 
access time from MREQ 


aon ™ a 
Taas 


2 et 


Tor Required data hold time 
after MREQ rising 
Data bus active after 
MREO or RD high 
_ Data stable prior to WR 
falling 


Taher Data hold after WR high 
Data pus lay. to float 
Tew | after MREQ rising 
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aS 
o 6 
NO 
3} 


Rg 
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CAPACITANCE 
Ta = 28°C 
All Part Numbers 


Cin Input capacitance unmeasured 
pins grounded 


reacmdce oa ——~i| me |] 









DC CHARACTERISTICS 
Ta: Vec within specified operating range 
I/O power dissipation = 100 mW (Note 2) 


SYMBOL | PARAMETER 
lec 


Average Power Supply MK3870/10 


Current Outputs Open 





MK3870/20 
Outputs Open 
MK3870/22 
Outputs Open 
MK3870/40 
Outputs Open 
MK3870/42 
Outputs Open 
MK38P70/X02 
No EPROM, 
Outputs Open 
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DC CHARACTERISTICS (cont.) 


SYMBOL | PARAMETER 


Power Dissipation MK3870/10 
Outputs Open 





MK3870/20 
Outputs Open 
MK3870/22 
Outputs Open 
MK3870/40 
Outputs Open 
MK3870/42 
Outputs Open 
MK38P70/X02 
No EPROM, 
Outputs Open 
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DC CHARACTERISTICS (cont.) 
Ta, Vcc within specified operating range, |/O power dissipation < 100mW (Note 2) 


-00,-05 
SYM PARAMETER | 


VIHEX External Clock input high level 
VILEX External Clock input low level 


UNIT | CONDITIONS 


fase [s ]53/ 2/ <[e[<| <l</<| </5/5] «| < 


GEORGE 





-3 


HEX External Clock input high current VipEx=Vecc 
LEX . External Clock input low current Ls = VitEx=Vss 


N 
O 


Standard pull-up 


Input high level, |1/O pins 


—_—, 
w 
N 


13. 


NO 


!Open drain (1) 


Standard pull-up 


NO 


13. 


VIHR Input high level, RES 
VIHEI Input high level, EXT INT 





Nl th NIN |r 
O| oO O1rolo 
amb 
Ww 
J [NTS NIN Tm | hb Jot 
w|i bh NIN lo lo wl pb 










isa | sa | Standard pull-up 
naa No Pull-up 
We Input low current, all pins with A | Vin=0.4V 
standard pull-up resistor 
IL Input leakage current, open drain +10 +18 Vin=13.2V 
pins, and inputs with no pull-up resistor -5 -8 Vin=0.0V 
Output high current pins with -89 VOH=2.4V 
standard pull-up resistor 
-25 VonH=3.9V 
Output high current, VoOH=2.4V 
direct drive pins VoH=1.5V 
VoH=0.7V 
STROBE Output High current 270} VOH = 2.4V 
Foweatowewron fn | fr05 || ma ne 
STROBE Output Low current } 5.0 | 45 [| mA | Vo =0.4V 
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DC CHARACTERISTICS FOR MK38P70 
Signals brought to top 25 pin socket 

Ta, Vec within specified range 

I/O Power Dissipation < 100 mW (Note 2) 
97400, 97500 Series 


SYMBOL |PARAMETER 
Vin Input high level (Do - D7) 


Vit Input low level (Dp - D5) 


Ih Input Leakage (Dy - DJ) 





Vou Output high level (all outputs and 
Dp-Dz in output mode) 
VoL Output low level (all outputs and 


D,-D- in output mode) 


Output source current (all outputs 
and Dy-Dz in output mode) 


Output sink current (all outputs 
and Dy-D7 in output mode) 


a 
4 


Package resistance from device 


pin 40 to top socket Voc 
pin(s) 


Package resistance from device 
pin 20 to top socket Vg pin(s) 


Supply current available from 
top socket V¢c¢ pin(s) 


Supply current available from 
top socket Veg pin(s) 


om Be] 
ra) 
| F ) 





NOTES: 

1. RESET and EXT INT have internal Schmit triggers giving minimum .2 V 
hysteresis. , 

2. Power dissipation for I/O pins is calcualted by £(Vec - Vit) | |) = LVec- 
Vow) (lou 1) = ZVoHMIoL) 

3. AC timing for external memory signals on 38P70 are measured from either 
the 8 or 2.0 voit points as applicable. High means at or above 2.0 voits. Low 





TIMER AC CHARACTERISTICS 


Definitions: 
Error = Indicated time value - actual time value 


tpsc = t® x Prescale Value 


Interval Timer Mode: 


Single interval error, free running (Note 3) ............... 
Cumulative interval error, free running (Note 3)........... 


<i] =] <[8 


| N 
WO NH nN 


2.4 
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UNIT| CONDITION 


2 2 Do el D, in Hi-z 


input mode 


sae 
WO 
a5 hee 
on WO 


Vss 


pf 
< 





mA | iI pin 28 27, 26 
when V 


I 
wal Td tah : = 
o S) 
a N | 
on - Ww 


| -20 | mA {Pin1ifV 

ae ae Pin 23 if Voc 
| 190 
ae 


| mA | Pin 14 if V 
mA [Pin 2 iV 


Pin 22 if Veg 


means at or below .8 volts. Stable means high or low as appropriate. Rising 
means signal is no longer below .8 volts. Falling means signal is no longer 
above 2.0 volts. Hold times on outputs assume full rated load on reference 
signal and 20 pf load on specified signal. For 97400 series, only applicable 
specification is Taas as no other signals are available to reference to other 


than Ag-Aj1. 
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EDEL EE ETT EE ES LT RT LSE TE ER EE LTE TE ATE ET ST Se ET TR IPRS SS TTT AND ENTE iT ECE TTI SSPE Ye IT RET SD GINS 0 ENT TT I TET SOA TEED 


Error between two Timer reads (Note 2) 00.0... ccc cece cece cece eee eee ee ee ee eee e ee eee e ee eeeeees = (tpse + t&) 
Start Timer to stop Timer error (Notes 1,4) ....... ccc eee ete cece cere cece cree ee eeeeeeneees + t® to - (tpsc + td) 
Start Timer to read Timer error (NoteS 1,2) ....... cece cece erect ence cece eee ee eeeeeeeseene -5t@ to - (tpsc + 7t®) 
Start Timer to interrupt request error (Notes 1, 3)........ ccc cece cee cece eee cence ence ence eee eeeneees -2t® to -8t 
Load Timer to stop Timer error (Note 1) 20... ccc ccc cece cece cere reece tree eee ee ee eeeeeet .+ t® to - (tpsc + 2th) 
Load Timer to read Timer error (Notes 1,2) .........cceeeeee Rergceiceeess Ua eee RueG ea ah eee es 5t + to - (tpsc + 8t +) 
Load Timer to interrupt request error (NoteS 1, 3)....... cece cece ccc ete e cece nent eens ees eeeeseees -2t® to -9tP 


Pulse Width Measurement Mode: 


Measurement accuracy (Note 4) .......... cece eer eee erence eee erent ence ee eeneeneenees + t® to -(tpsc + 2td) 

Minimum pulse width of EXTINT pin. ........... cee ce ee eeees OTT TL eT ee ee ee er ee ee ee 2th 
Event Counter Mode: 

Minimum active timeof EXT INT Dit oss. erste dca te cetnwsiers cee iin as oe ae ae We aoe nic Ya wte wie w aw Solaserere aie 2td : 

Minimum inactive time of EXTINT pin. .....5... ccc e eee Dene eee eee ence teen tence reece ence teen seers 2t® 
Notes: 


1. All times which entail loading, starting, or stopping the Timer are referenced from the end of the last machine cycle of the OUT or OUTS instruction. 
2. All times which entail reading the Timer are referenced from the end of the last machine cycle of the tiv or INS instruction. 


3. Alltimes which entail the generation of an interrupt request are referenced from the start of the machine cycle in which the appropriate interrupt request latch is 
set. Additional ‘ime may elapse if the interrupt request occurs during a peenene or multicycle instruction. 


4. Error may be cumulative if operation is repetitively performed. 


AC TIMING DIAGRAM 
to(eX) [— ‘EX(H) 





External Clock 


te 


Internal & Clock 


1/O Port Output 


STROBE 








RESET 


trH 


EXT INT 





Note: All AC measurements are referenced to V, max., Vj, min., Vo, (.8v), oF Voy (2.0v). 
Figure 16 
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INTERNAL 
WRITE 
CLOCK 


* CYCLE TIMING 
SHOWN FOR 
AMHz EXTERNAL 
CLOCK 


INTERNAL 
WRITE 
CLOCK 


INTERNAL 
WRITE 
CLOCK 











INPUT/OUTPUT AC TIMING 















2us* 3yS* 
iNOR : 
INS PORT ADDR. PORT DATA NEXT 
OP CODE PLACED ON DRIVEN ON TO OP CODE 
F H 
FETCHED DATA BUS DATA BUS ETCHED 
PORT PINS eae 


t > 
A. INPUT ON PORT 40R 5 sO 


fase 




















3yS* 
Sine PORT ADDR. | ACCUMULATOR | NEXT 
Be CODE ON DATA CONTENTS OP CODE 
FETCHED 
SeecHe ol eus ON DATA BUS 
PORT PINS 4 
\ STROBE 


(ACTIVE FOR PORT 4 ONLY) 


B. OUTPUT ON PORT 4 OR 5 





INS 0, 1 
FETCHED 


PORT PINS 


C. INPUT ON PORT 0 OR 1 


Figure 17 
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CYCLE TIMING 
DEPENDS ON INSTRUCTION 


CYCLE TIMING 
DEPENDS ON INSTRUCTION . 


STAYS LOW 


FOR TWO WRITE 
CYCLES 










NEXT 
OP CODE 
FETCHED 


D. OUTPUT ON PORT 0, 1 
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5 V, Ta = 25°C) 
5 V, Ta = 25°C) 


STROBE SOURCE CAPABILITY 
STROBE SINK CAPABILITY 


(TYPICAL AT Voc 


Figure 18 


(TYPICAL AT Vec 
Figure 19 


Tae 
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OUTPUT VOLTAGE 


a 
aes eae 


| ali tt 
Lat A Hehe eae oe Te eae hel 


eri | tT 


EERE & 
PEE Ary 


Soar Asamce manele 


SOP VE 





| 
4 


_t. 


ALE 


ESS eRe 
E.Seeee 


| 


aes 


tt 


+50 


STANDARD 1/0 PORT SOURCE CAPABILITY '* 


(TYPICAL AT Voc = 5 V, Ta = 25°C) 


Figure 20 
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25°C) 


5V,T, 


DIRECT DRIVE I/O PORT SOURCE CAPABILITY 


(TYPICAL AT Vec 
Figure 21 
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1/O PORT SINK CAPABILITY 
(TYPICAL AT Voc = 5 V, Ta = 25°C) 
Figure 22 


MAXIMUM OPERATING TEMPERATURE VS. 
1/O POWER DISSIPATION 
Figure 23 


PZ A2mnDeaQN R27 


ORDERING INFORMATION 


There are two types of part numbers for the 3870 family of 
devices. The generic part number describes the basic device 
type, the amount of ROM and Executable RAM, the desired 
package type, temperature range, and power supply 
tolerance. For each customer specific code, additional 


GENERIC PART NUMBER 


An example of the generic part number is shown below. 


MK 3870 /2 2 P-10 


Power Supply Tolerance 


Operating Temperature Range 


Package type 


Executable RAM Designator 


ROM Designator 





Basic Device Type 








THOMSON SEMICONDUCTEURS 





























100 §=200 ©6300 400 500 600 1000 


PDI/O MW 









































a 
ad 
a 
cd 
a 
ial 


OUTPUT VOLTAGE 


information defining |/O options and oscillator options will 
be combined with the information described in the generic 
part number to define a customer/code specific device 
order number. Note: the specific device order number will 
be used to differentiate between the MK3870/20 with 
12-bit Address Registers and the original 3870 with 11-bit 
Address Register, as mentioned in an earlier section. 


0 = 5V + 10% 
5=5V + 5% 


0 = O°C - +70°C 
1 = -40°C - +85°C 


P = Ceramic 
N = Plastic 


O = None 
2 = 64 bytes 


2 = 2K bytes 
4 = 4K Bytes 
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DEVICE ORDER NUMBER 
An example of the device order number is shown below. 


MK 14007N'- O5 
io Power Supply Tolerance 


Operating Temperature Range 


Package Types 


Customer/Code Specific Number 
The Customer/Code specific number defines the ROM bit 
pattern, |/O configuration, oscillator type, and generic part 
type to be used to satisfy the requirements of a particular 
customer purchase order. For further information on the 


ordering of mask ROM devices, the customer should refer to 
the 3870 Family Technical Manual. 


Examples of a 38P70 device order number is shown below. 


MK 97400 ROO 
L. Power Supply Tolerance 


Operating Temperature Range 
Package Type 
Port 1/O Options 


Maximum Size of EPROM 


These specifications are subjet to change without notice. 
Please inquire with our sales offices about the availability of the different products. 


Printed in France 
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0=5V+ 10% 

5 =5V+5% 

0 =0°C - +70°C 

1 = -40°C - +85°C 
P = Ceramic 

N = Plastic 
0=5V+10% 

0 =0°C - +70°C 

1 = -40°C - +85°C 
R = Piggyback 
See Figure 7 

See Figure 7 
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3870 SINGLE CHIP MICRO FAMILY 


MK3873 FEATURES ~ 
e Available with 2K byte mask programmable ROM 
e Software compatible with 3870 instruction set 
e 64 byte scratchpad RAM | 
64 byte Executable RAM pene 
@29 bits (4 ports) TTL compatible parallel |/O 


e Serial Input/Output port MK3873 


External or Internal Serial Port Clock 
Transmit and Receive registers double buffered 
Internal Baud rate generator 
Synchronous or Asynchronous serial |/O 
Data rates to 9600 bits per second (ASYNC) 
1/O pins dedicated as SERIAL IN, SERIAL OUT, and 
SERIAL CLOCK 
Variable duty cycle waveform generation 
e Vectored interrupts 
e Programmable binary timer 
internal timer mode 
Pulse width measurement mode 
Event counter mode 
e External Interrupt MK38P73 
e Crystal, LC, RC or external time base options available 
e Low power (325 mW typ.) 
@ Single +5V power supply 
e Pinout compatible with the 3870 Family members 
MK38P73 FEATURES 
@ EPROM version of MK3873 
e Piggyback PROM (P-PROM)™ package 
e Accepts 24 pin or 28 pin EPROM memories 
e Identical pinout as MK3873 


eIn-Socket emulation of MK3873 
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XTLt 


jXTLT —> 
xTL2 ——» 
P0-0 <—e 
PO.1 <> 
P02 <> 
66-3 <—»> 
OBE <—— 
B46 «> 
yo 
iT «—> 
4.3 <-> 
6434 «—— 
P45 =a 
6TE <——e 
oa} <——> 
7 <-> 
56-6 <> 
Pos <e 
PO.4 <> 


GND -——. 
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XTL2 


CLOCK 








1/0(8) 








MK3873 





MK3873 BLOCK DIAGRAM 











RESET & 
POWER ON 
CLEAR 


64x8 
Executable 
RAM 





TEST BAUD BAUD RATE 
LOGIC FORTS RATE REG 
Panera BIT SHIFT REGISTER 
CLK LOGIC 
1/0(5) 1/0(8) TEST 1/0(8) 
ernoee SERIAL SERIAL SERIAL 
CLOCK INPUT (SI) OUTPUT (SO) 
SRCLK 
Figure 1 
PIN ASSIGNMENTS 
pL} 40 — Vee PIN NAME DESCRIPTION TYPE cima. [] 40 =— Vee 
|) 39 «—— RESET : XTL2 ——» 92 [J [} 39 «— RESET 
[) 38 — ext int FOO <> 3[] [) 38 — EXT INT 
) 37 > BF PO-O, PO-7 1/0 Port O Bidirectional POT we 4] ose] 37 > PFS 
[) 36 «-e SACLK 7-3 - P1-7 -7 \/O Port 1 Bidirectional FOZ <> 5[| el 36 <> SACLK 
= se PO - P4-7 I/O Port 4 Bidirectional aed seek: : ase} ae 
> o 9 ° ~~_ ene 

33 _ P5-0 - P5-7 170 Port 5 Bidirectional 575 <=» 8 Oa epeS 
Tr) 31 <> p55 EXT INT External Interrupt Input br? <e 10) MK38P73 a 31 +> psp 
[} 30 <——— 653 RESET External Reset Input Pa3 > 11( | 0 > P53 
Of > a) Serial Input Input a pag be LY e(- 29 +> fsa 
| } 28 <—e pes . 5 | | 28 << pee 
J 27 iit Sak pach tag Shae =e i= pd of re eee 
) 26 <= 65 = PTF <> 15[] r) 26 <> py 
T ] 25 —- Pr? TEST Test Line input (VF > 16 a vee 25 <-> ff? 
) 24 << BB XTL 1, XTL 2 Time Base Input + §eer 170 oll 24 > 8 
[23 <> oS Vcc, GNO Power Supply Input POs => 18[] [] 23 <= PFS 
22 <«—» BTS Lines P04 = 19[] 22 «a» 4 
321 «q—— TEST GND —» 20[ | |) 21 «—- TEST 





TIMER 


cae 
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CONTROL 
LOGIC 





INTERRUP 
LOGIC 


EXT INT 


REGISTERS 
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GENERAL DESCRIPTION. 


The MK3873 single chip microcomputer introduces a major 
addition to the 3870 microcomputer family, a_ serial 
input/output port. This serial port is capable of either 
synchronous or asynchronous serial data transfers. The heart 
of the serial port is a 16-bit Shift Register that is double- 
buffered on transmit and receive. The Shift Register clock 
source can be either the internal baud rate generator or an 
external clock. An end-of-word vectored interrupt is 
generated in either transmit or receive mode so that the CPU 
overhead is only at the word rate and not at the serial bit rate. 
This serial channel can be used to provide a low-cost data 
channel for communicating between 3873 microcomputers 
or between a 3873 and another host computer. The serial 
port is also very flexible so that it could be used for other 
purposes such as an interface to external serial logic or serial 
memory devices. 


The MK3873 retains commonality with the 3870 family of 
single chip rricrocomputers. It has 2048 bytes of mask 
ROM for program storage, and 64 bytes of scratchpad 
random-access memory. Certain versions also include up to 
64 bytes of Executable RAM. Also, the 3870's sophisticated 
programmable binary timer is included and provides for 


system flexibility by operating in 3 different modes. The 
MK3873 has a large number of parallel 1/O lines available 
to the user. Twenty nine pins of the MK3873 are dedicated 
to parallel 1/0. In addition, three pins are dedicated to the 
serial |/O port. These pins provide input, output, and clock 
for the serial port. The serial clock pin can be driven 
externally or programmed to provide a 50% duty cycle TTL 
compatible serial clock. No additional CPU instructions are 
necessary for use with the serial port. Thus, the MK3873 is 
instruction set compatible with the rest of the 3870 family. 


The MK38P73 microcomputer is the PROM based version of. 
the MK3873 single-chip microcomputer. The MK38P73 is 
called the Piggyback PROM (P-PROM)™ microcomputer 
because of a new packaging concept. This concept allows a 
24 or 28 pin EPROM to be mounted directly on top of the 
microcomputer itself. The EPROM can then be removed and 
reprogrammed as required with a standard PROM 
programmer. The MK38P73 retains exactly the same pinout 
and architectural features as other members of the 
MK3873 Family. The MK38P73 is discussed in more detail 
in a later section of this document. 


FUNCTIONAL DESCRIPTION 


PO-0 - PO7, P1-3 - P1-7, P4-0 - P4-7, P5-0 - P5-7 are 29 
bidirectional 1/O lines which can either be used as TTL 
compatible inputs or latch outputs. 


SI - SERIAL IN is a TTL compatible Schmitt Trigger input pin 
for either serial synchronous or asynchronous data. 


SO - SERIAL OUT is an output line for either serial 
synchronous or asynchronous data. 


SRCLK is the clock for the serial port operations. It can be 
configured by software to be an input or output depending 
upon whether an internal baud rate or external clock is 
desired. It has a Schmitt trigger input and can be used to drive 
up to 3 TTL loads. 


STROBE is a ready strobe associated with I/O Port 4. This pin 
which is normally high provides a single low pulse after valid 
data is present on the P4-0 - P4-7 pins during an output 
instruction. STROBE can be used to drive up to 3 TTL loads. 


RESET may be used to externally reset the MK3873. When 
pulled low the MK3873 will reset. When allowed to go high 
the MK3873 will begin program execution at program 
location H’000’. | 


EXT INT is the externa! interrupt input. Its active state is 
software programmable as described in the 3870 Family 
Technical Manual. This input is also used in conjunction with 
the timer for pulse width measurement and event counting. 
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XTL 1 and XTL 2 are the time base inputs (2 MHz to 4 MHz) to 
which a crystal, LC network, RC network, or an external 
single-phase clock may be connected. The time base mode 
must be specified when submitting an order for a mask ROM 
MK3873. The MK38P73 will operate with any of the four 
configurations. 


MK3873 ARCHITECTURE 


The architecture of the MK3873 is identical to that of the rest 
of the devices in the 3870 family, with the exception of the 
serial port logic. The serial port logic is shown in the block 
diagram of the MK3873 (Figure 1). Addressing of the serial 
port logic is accomplished through 1/O_ instructions. 
Operation and programming of the serial port is thoroughly 
discusssed below. A programming-model of the MK3873 is 
shown in Figure 2. For a more complete discussion of the 
3870 family architecture, the user is referred to the 3870 
Family Technical Manual. 


MAIN MEMORY 


The main memory section on the MK3873 consists of a 
combination of ROM and executable RAM. 


There are four registe:s associated with the main memory 
section. These are the Program Counter (PO), the Stack 
Register (P), the Data Counter (DC), and the Auxiliary Data 
Counter (DC1). The Program Counter is used to address 
instructions during program execution. P is used to save the 
contents of PO during an interrupt or subroutine call. Thus, 
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the XDC instruction allows DC and DC1 to be exchanged. 
The length of the PO, P, DC, and DC1 registers for the 
MK3873/22 device is listed in the table shown in Figure 3. 
The graph and table in Figure 3 also shows the amounts of 
ROM and executable RAM. 


P contains the return address at which processing is to 
resume upon completion of the subroutine or the interrupt 
routine. The Data Counter (DC) is used to address data 
tables. This register is auto-incrementing. Of the two data 
cqunters, only DC can access memory directly. However, 


MK3873 PROGRAMMABLE REGISTERS, PORTS, AND MEMORY MAP 


CPU REGISTERS 














1 O PORTS SCRATCHPAD MEMORY 
BINARY 
TIMER ACCUMULATOR 
PORT 7 [ «| SCRATCHPAD DEC HEX oc1 
7<—8 BITS—» 0 7<— 8 BITS—» 0 ; : . 
INTERRUPT 
CONTROL PORT STATUS 
REGISTER 9 9 "1 
PORT 6 (Ww) 10 A 12 
7 @ -8 BITS—> 0 D ee : 13 
Cc 12 c 14 
8 13 D 15 
'ozcs 1 . 
BAUD RATE NVEAI 4 5 16 
CONTROL PORT TE RRG 15 F 17 
RRORN 
PORTC CF Y 
NL 
To 
3 <4 BITS—> 0 Rw 61 3D 75 
t 
SERIAL PORT 4 <—5 BITS» 0 62 SE 76 
CONTROL & STATUS REGISTER INDIRECT 63 3F 77 
SCRATCHPAD 7 <8 BITS» 0 
PORTO ADDRESS REGISTER 
7 @—8 BITS—~ 0 {SU ii ISL 
5 32 0 
SHIFT REGISTER <—6 BITS —»> 
’ BUFFER 
UPPER HALF 
MAIN MEMORY 
PORTE PROGRAM aaa aaa as: 
COUNTER DEC HEX 
7<— 8 BITS—> 0 0 0 
PO 
PrJ POL ; 1 
1 87 ry 
<— 12 sITs ——> 
na 1022 3FE 
SHIFT REGISTER STACK 1023 3FF 
BUFFER REGISTER 
eae 
PORT F 
11 87 o ROM TOP 
7 @— 8 BITS-—— 0 «a 12 BITS ——_»> MK3873/20 
MK3873/22 
PARALLEL DATA 
1/0 PORTS COUNTER 
D 
PORT 5 | eG C oper 4032 FCO 
1 87 fy 4033 FCI 
<+— 12 BITS ——»> 
PORT 4 RAM 
4094 FFE 
AT 
PORTO CBUNIEE. MK3873/22 4095 FFF 
PORT 1 4; = « 
7~<-5 BITS» 3 san tlh r 
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Figure 2 
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MK3873 MAIN MEMORY SIZE AND TYPE 


_ HEX DEC 

FFF 4096 aires 

EXECUTABLE 

| __ _ FeO 4032 BAM 
FBF 4031 
' * 
‘ ' 
1 __ 800 2048 

7FF 2047 

_ 400 4 
3FF 1023 
0000 0000 


3873/22 


This device contains 64 bytes of Scratchpad RAM. 


*Data derived from addressing these intermediate locations is not tested nor is it guaranteed. Users should refrain from 
entering this area of the memory map. 






Scratchpad 
RAM Size 
(Decimal) 


Size 







Address Register 


Pg, P, DC, DC1 


MK3873/22 | 64 bytes 2048 bytes 64 bytes 















ROM 
Size 
(Decimal) 


Executable 
RAM 
Size 






Figure 3 


EXECUTABLE RAM 


The upper bytes of the total address space in certain 
MK3873 devices is RAM memory. As with the ROM memory 
the RAM may be addressed by the PO and DC address 
registers. The executable RAM may be accessed by all 3870 
instructions which address main memory indirectly through 
the Data Counter (DC) register. Additionally, the MK3873 
may execute an instruction sequence which resides in the 
Executable RAM. Note that this cannot be done with the 
scratchpad RAM memory, which is the reason the term 
“Executable RAM” is given to this additional memory. 


1/0 PORTS 


On the MK3873, 29 lines are provided for bidirectional, 
parallel |/O. These lines are addressable as four parallel !/O 
ports at locations 0, 1,4, and 5. Note that Ports 0, 4, and 5 are 
8 bits wide, while Port 1 contains only 5 bits of I/O in bit 
positions 3, 4, 5. 6, and 7. Bits 0-2 on Port 1 are not available 
for use as I/O port pins or as storage elements. The 
remaining three pins are used to provide the serial 1/O 
function. A conceptual schematic of a bidirectional |/O port 
pin and available output drive options are shown in Figure 4. 


As in all other 3870 family devices, an output ready strobe is 
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associated with Port 4. This flag may be used to signal a 
peripheral device that the MK3873 has just completed an 
output of new data to port 4. The strobe provides a single 
low pulse shortly after the output operation is completely 
finished, so either edge may be used to signal the 
peripheral. STROBE may also be used as an input strobe by 
doing a dummy output-of H ‘00’ to port 4 after completing 
the input operation. 


SERIAL I/O OPERATION 


The Serial Input/Output Port consists of a serial Shift 
Register, baud rate generator and control logic as shown in 
Figure 1. Together these elements provide the MK3873 with 
a half duplex asynchronous, or a full duplex synchronous, 
variable bit length serial port. Data is shifted into or out of the 
shift register at a rate determined by the internal baud rate 
generator or external clock. An end-of-word interrupt is 
generated in transmit or receive mode so that the CPU 
overhead is only at the word rate and not the serial bit rate. 


SHIFT CLOCK 


The internal clock is used to clock data transfers into and out 
of the 16 bit Shift Register. It is also used as an input to an 


~ 6/26 





MK3873 @ MK38P73 





1/O PIN CONCEPTUAL DIAGRAM WITH OUTPUT BUFFER OPTIONS 











OUTPUT 
BUFFER 





READ PORT 


DATA BUS (WIRED-OR CONFIGURATION) 


OUTPUT BUFFER OPTIONS 


y (MASK PROGRAMMABLE) , 
cc CC 
6K.) TYP. 1K) TYP. 
STANDARD OPEN DRAIN DIRECT DRIVE 
OUTPUT OUTPUT OUTPUT 


Ports 0 and 1 are Standard Output type only. 


Ports 4 and 5 may both be any of the three output options (mask programmable bit by bit) 
The STROBE output is always configured similar to a Direct Drive Output except that it is capable of driving 3 TTL loads. 

RESET and EXT INT may have standard 6K) (typical) pull-up or may have no pull-up (mask programmable). These two inputs have Schmitt trigger 
inputs with a minimum of 0.2 volts of hysteresis. 

Serial In is a Schmitt trigger input with a minimum of 0.2V hysterisis. 

Serial Out (SO) is the Standard Output type. 

SRCLK output is capable of driving 3 TTL loads. 


Figure 4 
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internal counter which keeps track of the number of bits 
which have been shifted into or out of the Shift Register. Input 
data is sampled on the SERIAL INPUT, (Si), line on the rising 
edge of the SHIFT clock and is clocked into the most 
significant bit of the shift register. Output data is gated to the 
SERIAL OUTPUT line on the falling edge of the internal SHIFT 
clock. 


The clock is derived from the SRCLK pulse. The SRCLK pulse 
may be generated from the internal baud rate generator or it 
may be programmed as an input. The internal SHIFT clock 
operates at the same frequency as the SRCLK pulse when 
the Sync mode is selected, and at a rate which is divided by 16 
(+16) from the SRCLK pulse when the Async mode is 
selected. 


SHIFT REGISTER 
The Serial Port Shift Register is a 16-bit serial to parallel, 


parallel to serial shift register. This register is addressed and 
double-buffered by ports E and F as shown in Figure 5A. 


PORT D SERIAL PORT CONTROL REGISTER 
The Serial Port Control register is write only and is addressed 


as Port D. The bit assignment is pictured in Figure 5C. The 
function of each bit is described below. 


SERIAL PORT REGISTERS 
TRANSMIT BUFFER 











SERIAL 
{N 


SERIAL 
OuT 


16: BIT SHIFT REGISTER 
SRB SR7 SRO 


RECEIVE BUFFER Figure 5A 


SERIAL PORT STATUS REGISTER 
7 6 5 4 3 2 4 pin agne 


PORTO 
READ 


| —™ OVFL UNDFL OVERFLOW UNDERFLOW 
ates READY 


Figure SB 


SERIAL PORT CONTROL REGISTER 


? 6 5 4 3 2 1 0 
PORTO START eeanGn SYNC? a INT 
moe DETECT ASYNC| “Rec; EN 


BITNO 
Se 


— A, 
WORD LENGTH 
SELECT 
N2 N1 NO WORD LENGTH 
(@) O 0) 4 Bits 
0 @) 1 7 Bits 
0 1 Oo 8 Bits 
@) 1 1 9 Bits 
1 Q@- -O 10 Bits 
1 ce) 1 11 Bits 
1 1 @) 12 Bits 
1 1 1 16 Bits Figure 5C 


THOMSON SEMICONDUCTEURS 


2-433 . 





N2, N1, NO - WORD LENGTH SELECT 


These bits select one of the eight possible word lengths which 
are available with the MK3873 serial port. The serial port will 
shift the programmed number of bits through the Shift 
Register. If the Transmit mode is selected, data will be shifted 
out of the least significant bit (SRO) of the Shift Register to the 
Serial Out line (SO) while data is simultaneosly sampled at 
the Serial Input (Sl) line and shifted into the most significant 
bit (SR15) of the Shift Register. When the Receive mode is 
selected, data will be sampled at SI and shifted in, but the SO 
line will be disabled such that it remains in a marking 
condition (Logic “1’’). After the programmed number of bits 
have been shifted, the serial port logic will generate an end- 
of-word condition. This end-of-word condition will cause an: 
interrupt if the serial port INTERRUPT ENABLE bit has been! 
set. 


It should be noted that the word values have been chosen so 
that the MK3873 can be programmed to send and receive a 
wide variety of asynchronous serial codes with various 
combinations of start and stop bits. Shown in Figure 6 is a 
table which gives the word length. 


Values which would be programmed into the MK3873 Serial 
Port Register for Baudot, ASCII and 8 bit binary codes in an 
asynchronous word format are shown in the table of Figure 6. 
Shown in the table are word length values for various 
combinations of data bits, start and stop bits, and parity. It can 


. beseen that the MK3873 serial port can accommodate many 


different word lengths of asynchronous or synchronous data. 


START DETECT 


When the START DETECT bit is enabled the serial port will 
not shift data through the Shift Register until a valid start bit 
is detected at the SI input pin. The Start Detect mode is 
operative only when the Async mode has been selected by 
programming bit 2 of the Serial Port Control Register to a 
logic ‘0’. By selecting the Async mode, the internal SHIFT 
clock frequency is divided by 16 from the clock frequency at 
the SRCLK pin. (Recall that SRCLK can be an input or an 
output depending on whether the internal baud rate 
generator or the external clock is selected). When the 
START DETECT bit is set, the serial port logic looks for a high 
to low transition on the SI input. Until this transition occurs, 
the internal SHIFT clock is held low and no data is shifted in 
through the shift register. Once the transition is sensed, the 
SI input will be sampled on every SRCLK pulse for seven 
clock periods. If the logic level remains at zero on the SI 
input for each of the seven clock periods, the serial port logic 
will begin shifting data into the Shift Register on the eighth 
SRCLK pulse. Data will be shifted in at the +16 or SHIFT 
clock rate until the number of bits which have been 
programmed into the word length select have been shifted 
in. Once the programmed number of bits have been shifted 
in, the start detect circ uitry will be rearmed and will begin 
searching for the next high-to-low transition on SI. This 
operation is pictured in the example shown in Figure 7. 


When the START DETECT bit is disabled, data is 
continuously shifted through the Shift Register. An end-of- 
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ASYNCHRONOUS WORD LENGTHS 


# OF START STOP 
BITS BITS BITS PARITY 


8 Bit Binary 


5 
5 
5 
5 
7 
7 
7 
7 
8 
8 
8 
8 





WORD 
LENGTH (BITS) 


MK3873 SERIAL PORT START BIT DETECTION 





8TH 
SRCLK 
PULSE 
SHIFT 
sé | | | | | 
{ | | | I 
COUNT | 00 01 02 03 
| i | | 


NEW 
| + 
ASYNCHRONOUS DATA WORD WORD 


8TH SRCLK 
&° PULSE 


. 


EDGE DETECT 
REARMED (END OF WORD CONDITION) 


| | | H 
| Nn ! oo '!  o1 | 
| \ | | 
! | I 1 


where N is the word length value selected by programming bits N2-NO in the serial port contro! register 


Figure 7 


word condition will be generated each time the 
programmed number of bits has been shifted into or out of 
the Shift Register. A serial port interrupt will be generated 
when the end of word condition occurs if it has been 
enabled. 


SEARCH 


The SEARCH bit is enabled by programming it to a logic 1”. 
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When enabled, the SEARCH bit causes the serial port logic 

to generate an interrupt at every bit time if the serial port 

interrupt has been enabled. This interrupt will occur 

regardless of whether the Transmit or Receive mode has 

been selected and whether the Synchronous or 

Asynchronous mode has been selected. The Search mode 

is usually used for recognition of a sync character in 

synchronous serial data transmission. The MK3873 serial. 
port does not automatically detect sync characters. 
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SYNC/ASYNC 


The SYNC/ASYNC bit is used to select either the 
Synchronous mode of operation or the Asynchronous mode 
of operation. In the Synchronous mode of operation data is 
shifted through the Shift Register at a rate which is +1 the 
rate of SRCLK. When the Synchronous mode is selected, 
the start bit detect circuitry cannot be enabled, even if the 
START DETECT bit is programmed to a “1”. In the 
Asynchronous mode (SYNC/ASYNC = O) the internal SHIFT 
clock operates at a rate which is +16 the rate of SRCLK. 


XMIT/REC 


The XMIT/REC bit is used to select either the Transmit or 
Receive modes of operation. When programmed to a “1” 
XMIT is selected and the serial port will shift data on the SO 
line as well as shift data into the SI input. Transmitted data will 
be enabled on the SO output on the falling edge of the 
internal SHIFT clock. When the Receive mode is selected (by 
programming XMIT/REC = 0), data will be clocked into the 
Shift Register on the rising edge of SHIFT, as it is when the 
Transmit mode is enabled, but data will be disabled from 
being shifted out on Serial Out. Serial Out will be held at a 
marking, or logic ‘1’, condition. 


SERIAL PORT INTERRUPT ENABLE 


By programming this bit to a “1”, the serial port interrupt 
will be enabled. A serial port interrupt may then oceur when 
an end-of-word condition is generated. Program control will 
be vectored to one of two locations upon a serial port 
interrupt, depending on the way the XMIT/REC bit has been 
programmed. If the Transmit mode has been selected by 
programming XMIT/REC bit toa ‘“1”, then program control 
will be vectored to location EO (Hex). For the Receive mode 
(XMIT/REC = 0) program control will be vectored to 60 (Hex) 
when the serial port interrupt occurs. With the addition of 
the Serial Port Interrupt, the MK3873 has three sources of 
interrupt. If these three interrupts were to occur 
simultaneously, priority between them would be such that 
they would be serviced in the following order: 


1) Serial Port 
2) Timer 
3) External Interrupt 


STATUS REGISTER 


Reading port D of the MK3873 by performing an Input cr 
Input Short (IN or INS) instruction will load the contents of 
the Serial Port Status Register into the Accumulator. The 
two bits which make up the Status Register are shown in 
Figure 5B. The operation of these two bits is described 
below: 


READY - The meaning of the READY flag depends on 
whether the Transmit or Receive mode is selected. When 
the Transmit mode has been selected, the READY flag is set 
when a Transmit Buffer empty condition occurs. This 
means that any previous data which may have been loaded 


THOMSON SEMICONDUCTEURS 


2-435 





into the Transmit Buffer register pair has been transferred 
into the Shift Register. Loading either byte. of the Transmit 
Buffer will clear the READY fiag until the time that the 
Transmit Buffer register pair is loaded into the Shift Register 
during an end-of-word condition 


In the Receive mode (XMIT/REC = 0), the READY flag is 
used to indicate a Receive Buffer full condition. This means 
that a word of the programmed length has been shifted in 
and has been loaded into the receive buffer register pair. 
Reading one of the ports E or F which make up the receive 
buffer register pair will clear the READY flag. The READY 
flag will remain aO until the next word is completely shifted 
in and loaded into the receive buffer. 


OVFL/UNDEFL is like the READY flag; the meaning of 
OVFL/UNDFL depends on the programming of the 
XMIT/REC bit in the Serial Port Control Register. When the 
Transmit mode has been selected OVFL/UNDEFL is used to 
indicate a transmitter underflow condition. 


A transmitter underflow condition can occur as follows: 
Assume thatthe Transmit mode is selected. Suppose that a 
word is loaded into the Transmit Buffer register. The serial 
port logic will load the contents of the Transmit Buffer into 
the Shift Register and will begin to shift the word out on the 
SO pin. When the contents of the Transmit Buffer are 
loaded into the Shift Register, the serial port logic will signal 
the Transmit Buffer empty condition by setting the READY 
flag to a ‘1’. When the word in the Shift Register is 
completely shifted out, an end-of-word condition will be 
generated. The serial port logic will then check to see if new 
data has been loaded into the Transmit Buffer. If it has not, 
the OVFL/UNDEL flag will be set, indicating that the serial 
port logic has run out of data to send. The OVFL/UNDEL flag 
can be used to signal an error condition to the firmware, or it 
can be used to signal that all data has been cleared out of 
the Shift Register for the purposes of line turnaround. 


The OVFL/UNDEFL flag which, in this case, represents a 
transmitter underflow condition, is reset by reading the 
Status Register. 


When the Receive mode is programmed, OVFL/UNDEL is 
used to signal that the Receive Buffer has overflowed. This 
overflow condition can occur as follows: Suppose that a 
serial word is shifted in, generating an end-of-word 
condition. The serial port logic will load the contents of the 
Shift Register into the Receive Buffer, and will set the 
READY flag to a “1” to indicate that the Receive Buffer is 
full. When the next word being received is completely 
shifted in, generating the next end-of-word condition, the 
serial port logic will check to see if the Receive Buffer has 
been read by examining the state of the READY flag. If the 
READY flag = O, then the previous word has already been 
read from the Receive | ‘uffer by the software and the serial 
port logic will load the current word into the Receive Buffer 
and will again set the READY flag. if the READY flag = 1, 
then the previous word has not been read from the Receive 
Buffer. The serial port logic will load the new word into the 
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Receive Buffer, destroying the previous word. This action is 
signalled by the serial port logic setting the OVFL/UNDFL to 
a “1” signalling a receive buffer overflow condition. In this 
case reading the status register also ‘clears the 
OVFL/UNDEFL flag. 


BAUD RATE CONTROL REGISTER 


Port C is designated as the Baud Rate Control register. Four 
bits, O-3, are used to select nine different internal baud rates 
or an external clock. When an internal baud rate is 
programmed, the SRCLK output is generated at a frequency 
which is divided from the MK3873’s time base frequency. 
The SRCLK frequency can be calculated by dividing the time 
base frequency by the divide factor shown in Figure 8 for the 
bit pattern which is programmed into bits C3-CO. Also 
shown in Figure 7 is the programming of bits C3-CO to 
obtain a set of standard baud rates when a 3.6864MHz 
crystal is used as a time base. 


BAUD RATE CONTROL PORT 
PORT C WRITE ONLY 


PORTC WRITE Shift Clock Rate 
765 43 21 =0 BitNo. « 3.6864 MHz time base 




















\/\ 7 \ / SRCLK 

XIXDX DX lesteztcr} Divide Factor | SYNC 
1017 1 : 153.6 kbs 9600 bps 
101 0 +48 76.8 kbs 4800 bps 
100 1 +96 38.4 kbs 2400 bps 
100 0 +192 19.2 kbs 1200 bps 
o1im 1 +384 9600 bps 600 bps 
01371 0 +768 4800 bps 300 bps 
010 1 +1536 2400 bps 150 bps 
0 10 0 +2096 | 1758.8 bps 110 bps 
© o1 1 +3072 1200 bps 75 bps 
000 0 


External Clock Mode 


Figure 8 


When any of the internal baud rates are selected, pin 36 
becomes an output port pin. This pin is capable of driving 
three standard TTL inputs and provides a square wave 
output from the frequency selected in port C. The 
SYNC/ASYNC bit in the Serial |/O Control register has no 
effect on the output clock rate. The output will always be +1 
directly from the baud rate generator. 


If all zeros are loaded into this port, the External Clock mode | 


is selected. Pin 36 becomes an input. Any TTL compatible 
square wave input can be used to generate the clock for the 
serial port. 


TRANSMIT AND RECEIVE BUFFERS 


The Receive Buffer registers are two eight bit registers 
which are addressed as ports E and F (Hex) and are read 
only. The Receive Buffer registers may be read at any time. 
The Transmit Buffer registers are also two 8-bit registers 
which are write only and addressed as ports E and F (Hex). 


In the Receive mode, the contents of the 16 bit Shift 
Register are transferred to the Receive Buffer Register pair 
when a complete word has been shifted in. Bits SR15-SR8 


10/26 


THOMSON SEMICONDUCTEURS 


2-436 





of the Shift Register are loaded into bits 7-0 of port E while 
bits SR7-SRO are loaded into bits 7-0 of Port F. 


When entering the Transmit mode, the first data transfer 
from the Transmit Buffer to the 16 bit Shift Register won't 
occur until a 1 word time delay after entering Transmit 
Mode. 


In the Receive mode, no transfers between the Transmit 


Buffer and the 16 bit Shift Register can occur. 


The serial port does not automatically right justify incoming 
data, nor does it insert or strip start and stop bits from an 
asynchronous data word. Therefore, it is usually necessary 
to right justify incoming data read from the Receive Buffer 
registers in software through shift instructions, as well as 
Strip start and stop bits if an asynchronous data format is 
being used. Likewise, in transmitting an asynchronous data 
word, it is usually necessary to insert start and stop bits in 
software into the 16 bit word which is to be loaded in two 
halves into the Transmit Buffer register. 


RESET 
The reset circuit on the MK3873 is used to initialize the 


device to a known condition either during the course of 
program execution or on a power on condition. This section 


discusses the effect of RESET on the serial port logic. A 


more complete description of RESET may be found in the 
3870 Family Technical Manual. 


Upon reset, both the serial port control register (port D) and 
the Baud Rate Control register (port C) are loaded with 
zeroes. This action sets the serial port control logic in the 
following state: 


N2, N1, NO (word length) = 4 bits 
START DETECT disabled 
SEARCH disabled 

Asynchronous Receive mode 
Serial port interrupt disabled 
External Clock mode (SRCLK = 1). 
Ports E and F are undefined 


_After the first control word is written to the Serial Port 


Control Register which selects an internal clock mode, the 
SRCLK will become an output and will remain high for 
one-half of a clock period as programmed into port C. It will 
then go low and produce a clock output waveform with the 
selected frequency. 


ASYNCHRONOUS RECEIVE OPERATION 


Figure 7 illustrates the timing for an example using the 
serial port in the Asynchronous mode. When operating in 
this mode, the Seria’ Port Control Register should be 
programmed for receive (XMIT/REC = O) and the START 
DETECT bit should be enabled. Also, the Async mode 
should be selected, which allows the start detect circuitry to 
operate and sets the internal SHIFT clock at a rate which is 
divided by 16 (+16) from the SRCLK rate. Upon selecting the 








_MK3873 @ MK38P73 


Async mode and the START DETECT bit, the internal SHIFT 
clock is held low until a negative transition occurs on the S| 
pin. After a valid edge has been detected (see the START 
DETECT bit operation section) the SHIFT clock will go high 
and data will be shifted in at the middle of each bit time. 
When the programmed number of bits have been shifted in, 
an end-of-word condition is generated and a serial port 
receive interrupt will occur if it has been enabled. 


After the falling edge of SHIFT following the end-of-word 
interrupt, the start detect circuitry will be enabled in 
preparation for the next word. Thus, if a start bit is present 
immediately following the time when the start detect 
circuitry is enabled, SHIFT Clock will again go high 
approximately one bit-time after the rising edge of SHIFT 
which clocked in the last bit of the preceeding word and 
caused the end-of-word interrupt. In other words. SHIFT 
can go high again on the eighth SRCLK pulse as soon as the 
start detect circuitry is rearmed. 


The Shift Register may be read before the next end-of-word 
condition; otherwise, a receiver overrun error will occur. For 
a 9600 bps data rate, this would require reading the Receive 
Buffer within N x 104 us from the time that the end-of-word 
condition is generated, where N is the number of bits in the 
data word. 


The example in Figure 7 shows the timing required for 


asynchronous data reception from a device such as a 
teletype. Within this data stream are start, data and stop 
bits. A typical format requires 1 start bit, 8 data bits and 2 
stop bits for a total of 11 bits. All of these bits wil! be residing. 
in the 16 bit Shift Register when the end-of-word interrupt 
is generated. It is, therefore, necessary to strip the start and 
stop bits from the data. 





SYNCHRONOUS RECEIVE OPERATION 


For synchronous operation, the START DETECT bit should 
not be enabled and the XMIT/REC bit should be 
programmed to a zero. Also the Sync mode should be 
enabled so that the internal SHIFT clock is divided by 1, or is 
equivalent to, SRCLK. Once a control word is written to port 
D specifying START DETECT = 0, Receive mode, and Sync 
mode, then the Serial Port will continuously shift data into 
the MSB of the upper half of the Shift Register at the SRCLK 
rate and will generate an end-of-word condition when the 
programmed number of bits have been shifted in. 


An illustration of synchronous receive timing is shown in 
Figure 9. This diagram is a synchronous receive sequence 
for a word which is N bits in length, where N corresponds to 
the number of bits which have been programmed into the 
Serial Port Control Register. Note the relationship of SHIFT 
clock, the synchronous data stream, and the bit count. Since 
the START DETECT bit is not enabled, the serial port logic 
will continuously shift data in and generate end-of-word 
conditions at regular intervals. When the end-of-word 
condition occurs, a serial port receive interrupt occurs if it 
has been enabled, and the contents of the Shift Register will 
be loaded into the Receive Buffer. The serial port logic will 
set the READY flag in the Serial Port Status Register, 
indicating that the receive buffer is full. Since the serial port 
is double-buffered on receive, the program has entire word 
time to read the Receive Buffer. At 9600 bps this 
corresponds to a word time of N x 104us, where N is the 
number of bits in a word. 


Note that if a new control word is written to port D during 
the time that a serial word is shifted in, the bit count will be 
reset. 


SYNCHRONOUS TRANSMIT OR RECEIVE TIMING 


SYNCHRONOUS | | 
DATA STREAM | | | 


SHIFT 
CLOCK 


BIT N | 00 | 01 | 02 | 
COUNT 


Figure 9 
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When using the Synchronous Receive mode on the 
MK3873, it is usually necessary to establish word 
synchronization in the data stream. The SEARCH bit, when 
enabled, causes the serial port logic to interrupt on each 
rising edge of SHIFT so that the data stream can be 
examined on a bit by bit basis. When the last bit of a sync 
word is found, the Search mode can be disabled and the 
serial port logic will shift in data and interrupt at the word 
rate. 


ASYNCHRONOUS TRANSMIT OPERATION 


The Asynchronous Transmit mode of operation is initiated 
by setting the XMIT/REC bit to a “1”, and by programming 
the SYNC/ASYNC bit to a “0”. Also, there must be an 
SRCLK pulse by selecting an internal or external source for 
SRCLK by programming port C. Upon setting XMIT/REC to 
a ‘1’, there will be a 1 word length delay prior to the actual 
transfer of the first word from the Transmit Buffer to the 16 
bit Shift Register. Serial data will then be shifted to the right 
on each rising edge of the internal SHIFT clock, and each 
new bit in the data stream will be enabled onto the SERIAL 
OUTPUT pin (SO) at the time of the falling edge of the 
internal SHIFT clock. 


As mentioned, one word time delay is generated between 
the time that the Transmit mode is initiated by programming 
XMIT/REC = 1 and the time that the contents of the 
Transmit Buffer are transferred into the Shift Register. This 
word time delay is generated internally to the MK3873 by 
counting the number of SHIFT clock pulses which 
correspond to the number of bits programmed into the word 
length select section of the Serial Port Control Register (N2, 
N1, NO). Therefore, the word time delay is equivalent to the 
time it takes to shift a complete serial data word out of the 
Shift Register. The same word time delay will result if data 
had been loaded prior to programming the XMIT/REC bit to 
a “1”. As mentioned in the “START DETECT” bit 
description, the internal SHIFT clock is disabled when this 
bit is programmed to a “’1"’. Since the serial port logic counts 
SHIFT clock pulses to generate the word time delay, the 
Transmit Buffer contents will never be transferred to the 
Shift Register and shifted out when the START DETECT bit 
is enabled. Also, the Transmit Buffer contents cannot be 
loaded into the Shift Register when XMIT/REC bit = O. 


When the initial serial data word has been transferred into 


the Shift Register, the READY flag is set in the Serial Port 
Status Register which is used to indicate the Transmit 
Buffer is empty. A transmit interrupt will be generated if the 
INTERRUPT ENABLE bit has been set in the Serial Port 
Control Register, and program control will be vectored to 
location EO (hex). When operating the serial port in a polled 
environment with the serial port interrupt disabled, the 
READY bit can be used as a flag which indicates that new 
data may be loaded into the Transmit Buffer. In an interrupt 
driven software configuration, new data may be loaded into 
the Transmit Buffer at the beginning of the serial port 
interrupt service routine. 


During the operation of the Transmit Mode the SERIAL 
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INPUT pin (Si) is sampled and shifted into the Shift Register. 
However, since the START DETECT bit must be disabled 
during a transmit sequence, there is no way of establishing 
bit synchronization on any incoming serial data. Therefore, 
in the Asynchronous mode, the serial port can only be used 
in a half-duplex configuration. 


After a block of data has been sent, it is sometimes useful 
for the program to know when the last serial word has been 


‘Shifted out of the shift register. This is especially useful 


when operating the MK3873 with a bidirectional half- 
duplex transmission line. Once the block of serial data has 
been completely shifted out of the port, then it is usually 
desirable to reverse the direction of the line so that data may 
be received. 


One way of determining when the last word has been 
shifted out of the Shift Register is through the use of the 
OVFL/UNDEFL status bit in the Serial Port Status Register. 
The sequence would take place as follows: The program 
loads the Transmit Buffer with the last serial data word 
which is to be sent out either when the “READY” bit is set or 
during a transmit interrupt service routine. Loading the 
Transmit Buffer clears the READY flag. At the next end-of- 
word condition, the last serial data word is transferred from 
the Transmit Buffer into the Shift Register, which sets the 
READY flag once again. At this point the program would not 


‘load any more data into the Transmit Buffer and the READY 


flag will remain set. When the last word is completely 
shifted out of the Shift Register, the ‘serial port logic will 
check to see if any new data has been loaded into the 
Transmit Buffer register pair. When it determines that there 
is no new data in the Transmit Buffer, the serial port logic 
will set the OVFL/UNDEL bit in the serial port status register 
and will return the SERIAL OUTPUT pin (SO) to a marking 
condition (logic ‘'1’’). The SERIAL OUTPUT pin (SO) is 


_ always returned to a marking condition on transmitter 


underflow when the ASYNC mode is selected. Since the 
OVFL/UNDEL bit is set when the last serial data word has 
completely been sent out, it can be used as a signal to 
indicate the end of transmission and that the direction of the 
transmission line may be set for receive. 


SYNCHRONOUS TRANSMIT OPERATION 


The Synchronous Transmit mode of operation is selected by 


programming bit 2 (XMIT/REC) of the Serial Port Contro! 


register to a “1” and setting the SYNC/ASYNC bit to a “1” 


Figure 9 illustrates serial output timing relationships in the 
Synchronous mode. Data is shifted to the right on each 
rising edge of the internal SHIFT clock. Output data is not 
enabled to the SERIAL OUTPUT pin (SO) until the falling 
edge of the SHIFT clock. In a 16 bit data word, SRO, the least 
significant bit of the Shift Register is shifted out first, and 
SR15, the most significant bit of the Shift Register, is shifted 
out last. While the Shi... Register contents are being output 
on a bit by bit basis, data is simultaneously shifted in to the 
Shift Register through the SI pin. 


As discussed in the “ASYNCHRONOUS TRANSMIT 
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OPERATION” section, a word time delay is generated 
between the time that data is written to the Transmit Buffer 
and the time that the contents of the Transmit Buffer are 
loaded into the Shift Register once the XMIT/REC bit has 
been programmed to a one (1). 


Another way of loading the initial data word into the 
Transmit Buffer requires the word synchronization having 
been achieved through recognition of a received sync 
character. Recall that in the Transmit mode, data is sampled 
at SI and shifted into the Shift Register at the same time that 
data is shifted out through SO. Upon power up or reset, a 
control word may be written to Port D which specifies 
Transmit and Synchronous modes. Word synchronization 
can then be achieved through the use of the SEARCH bit as 
described in the section which covers Synchronous Receive 
mode. Once word synchronization is achieved, the SEARCH 
bit is disabled and the serial port shifts in data and generates 
an end-of-word condition at the word rate. 


Each time the end of word condition is reached, receive data 
is transferred ‘rom the shift register into the Receive Buffer. 
At the same time, data is transferred from the Transmit 
Buffer into the Shift Register. 


Therefore, in the Synchronous Transmit mode, the serial 
port may be used in a full duplex mode if word 
synchronization is established. At each end of word 
condition, output data is transferred to the Shift Register 
from the Transmit Buffer. At the same time, an incoming 
data word is transferred from the Shift register to the 
Receive Buffer register pair. In this case, the End-of-Word 
transmit routine would be used for sending data by loading 
the Transmit Buffer register, and for receiving data by 
reading the Receive Buffer register. Note that once word 
synchronization is established, an amount of time which is 
equal to one word time is available following the end-of- 
word interrupt for loading data into the Transmit Buffer. 


The serial port operates differently in the Transmit mode for 
Synchronous operation than it does for Asynchronous 
operation. In the Asynchronous mode, after a word has 
been shifted out, the SO line is returned to a marking 
condition if no new data has been loaded into the Transmit 
Buffer. 


In the Synchronous mode, after a word has been shifted 
- out, the contents of the Transmit Buffer are loaded into the 
. Shift Register regardless of whether or not new data was 
loaded into the Transmit Buffer. If new data was not loaded 
since the last time the transmit buffer was read, the 
OVFL/UNDFL flag is set which signals a transmitter 
underflow condition. This feature of always reloading the 
Shift Register with the contents of the Transmit Buffer 
when an end-of-word condition occurs allows a sync word 
to be continuously generated without CPU intervention 
when the transmitter is idle. This feature also allows 
variable duty cycle, variable frequency waveforms to be 
generated on the Serial Output line. 





MK3873 CLOCKS 


The time base network used with the MK3873 may be one of 
the four different types listed below. 


Crystal 

LC 

RC 

External Clock 


The type of network which is to be used with the MK3873 is 
to be specified at the time when mask ROM MK3873 devices 
are ordered. The time base specification for each of the four 
modes are covered in the 3870 Family Technical Manual. 


MK38P73 GENERAL DESCRIPTION 


The MK38P73 is the EPROM version of the MK3873. It 
retains an identical pinout with the MK3873. The MK38P73 
is housed in the “‘R” package which incorporates a 28 pin 
socket located directly on top of the package. 


The MK38P73 can act as an emulator for the purpose of 
verification of user code prior to the ordering of mask ROM 
MK3870 devices. Thus, the MK38P73 eliminates the need 
for emulator board products. In addition, several MK38P73s 
can be used in prototype systems in order to test design 
concepts in field service before committing to high-volume 
production with mask ROM MK3873s. The compact size of 
the MK38P73/EPROM combination allows the packaging of 
such prototype systems to be the same as that.used in 
production, 


Finally, in low-volume applications the MK38P73 can be 
used as the actual production device. 


Most of the material which has been presented for the 


MK3873 applies to the MK38P73. The MK38P73 has the 
same architecture and pinout as the MK3873. Additional 


information is presented in the following sections. 
MK38P73 MAIN MEMORY 


As can be seen from the block diagram in Figure 10, the 
MK38P73 contains no on-chip ROM. The memory address 
and data lines are brought out to the 28 pin socket located 
directly on top of the 40 pin package. The MK38P73 will 
address up to 4096 bytes of external EPROM memory. 


There is one memory version of the MK38P73, and it is 
designated as the MK38P73/02. The MK38P73/02 
contains 64 bytes of on-chip executable RAM. The 
MK38P73/02 can emulate the mask ROM MK3873/22 
device. 


Addressing of main memory on the MK38P73 is 
accomplished in the s2 ne way as it is for the MK3873. See 
Figure 12 for Main Memory addresses and for address 
register size in the MK38P73. 
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MK38P73 BLOCK DIAGRAM . 


EXT INT 


z = INTERRUPT 


EXTERNAL 
PROM 
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STATUS 
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mee } rons | eee poe de Undine tea 
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MSB Ls@ 
PORT PORT 
16 BIT SHIFT REGISTER 


1/0(8) 1, O18) owe) TEST 17 O18) 
STROBE 
SERIAL SERIAL SERIAL 
CLOCK (INPUT (St) OUTPUT (SO) 
SRCLK 
Figure 10 ' 
MK38P73 EPROM SOCKET MK38P73 “‘R’’ PACKAGE PINOUT 


A28 pin EPROM socket is located on top of the MK38P73 “R” 


package. The socket and compatible EPROM memories is 
shown in Figure 11. When 24 pin memories are used in the 
28 pin socket, they should be inserted so that pin 1 of the 
memory device is plugged into pin 3 of the socket. (The 
memory should be lower justified in the 28 pin socket.) 


1 
; 2 
The 28-pin socket has been provided to allow use of both i 3 
24-pin and 28-pin memory devices. Minor pin-out 4 
differences in the memory devices must be accommodated } 5 
by providing different versions of the MK38P73. : MK97310 (Open Drain) 
ls Compatible Memories 
Initially, the MK38P73 that is compatible with the MK2716 2758 
is available. The MK38P73 designedto accommodate the 28- MK2716 
pin memory devices will be available at a later date. 2516 2532 


MK38P73 I/O PORTS 


The MK38P73 is offered with open drain type output buffers 
on Ports 4 and 5. This open drain version is provided so that 
user-selected open drain port pins on the mask ROM 





MK38P73 can be emulated prior to ordering those mask 
ROM parts. Figure 11 lists the part ordering number for an 
MK38P73/02. Figure 11 
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MK38P73 MAIN MEMORY MAP 








64 BYTES 
INTERNAL 
RAM EXECUTABLE 

RAM 

| | 

| | 

| : 

| | 

| 

xs _ 800 2048 

| 7FF 2047 

| 

| | 

| 

j 

{ 

| EXTERNAL | 

| EPROM | 

i___000 0000 

97310 

MK38P73/02 


Scratchpad 
RAM Size | Size 
(Decimal) 


| MK38P73/02 
| 97300, 97310 


Address Register 


PG, P, DC, DC1) 


ROM Executable 


Size | RAM 
(Decimal) | Size 





Figure 12 


MEMORY ACCESS TIMING 


A timing diagram depicting the memory access timing of the 
MK38P73 is shown in Figure 13. The ® clock signal is derived 
internally in the MK38P73 by dividing the time base 
frequency by two and is used to establish all timing 
frequencies. The WRITE signal is another internal signal to 
the MK38P73 which corresponds to a machine cycle during 
which time a memory access may be performed. Each 
machine cycle is either 4 ® clock periods or 6 ® clock periods 
long. These machine cycles are termed short cycles and long 
cycles respectively. The worst case memory cycle is the short 
cycle, during which time an op code fetch is performed. This is 
edge of the WRITE pulse. The total access time available for 
the MK38P73 is shown as tgag, or the time when address is 
stable until data must be valid on the data bus lines. 
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An equation for calculating available memory access time 
along with some calculated access times based on the listed 
time base frequencies is also shown in Figure 13. 


MK38P73 CLOCKS 


The MK38P73 has the ability to operate with any one of the 
following time base configurations. 


Crystal 

LC 

RC 

External Clock 


This capability has been provided in the MK38P73 so that it 
can emulate a mask ROM MK3873 operating in any of the 
possible clock configurations. 
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MEMORY ACCESS SHORT CYCLE OP CODE FETCH MK38P73 


WRITE 
Ay1-Ag PREVIOUS ADDRESS NEW ADORESS 


Signal is internal to the MK38P73 


t 


‘aas 6 — 850ns 


a time base freq. 


(FROM ADDRESS STABLE) 


TIME 


Figure 13 


ELECTRICAL SPECIFICATIONS 
MK3873/MK38P73 


DATA 
VALID 


OPERATING VOLTAGES AND TEMPERATURES 







Dash Operating Operating 
Number Voltage Temperature 
Suffix Vcc Ta 












+5V + 10% 0° - 70°C 


—0O5 +5V + 5% O°C - 70°C 

—10 +5V + 10% -40°C - +85°C 

—15 +5V + 5% -40°C - +85°C 
MAXIMUM RATINGS* 

-00.-05 

Temperature Under Bias ........... 0... ccc cece cece eee ees .-20°C to +85°C 
Storage Temperature -65°C to +150°C 
Voltage on any Pin With Respect to Ground 
(Except open drain pins and TEST) ............. ccc cece ee eee -1.0V to +7V 
Voltage on TEST with Respect to Ground ................. *,...71.0V to +9V 
Voltage on Open Drain Pins With Respect to Ground ...........-1.0V to +13.5V 
Power Dissipation ......... 0.0.0... ccc ccc eee eee e cent ceeees 1.5W 
Power Dissipation by any one !/O pin? ...............00 eee e ee 6O0mW 
Power Dissipation by all I/O pins? ........... 00... cee eee eee 600mW 





-10,-15 
~50°C to +100°C 
-65°C to +150°C 


-1.0V to +7V 
-1.0V to +9V 
-1,0V to + 13.5V 
1.5W 

6O0mW 

600mW 


*Stresses above those listed under “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating only and functional operation of the device at 
these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 


periods may affect device reliability. 
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AC CHARACTERISTICS 
Ta, Vec within specified operating range. 


1/O Power Dissipation < 100mW (Note 2) 















SIGNAL PARAMETER 


Time Base Period, all clock modes 






External clock pulse width high 
External clock pulse width low 


Internal ® clock 


a Internal WRITE Clock period 






rm aa 








Short mene 
Long Cycle 
1/O tdl/O | Output delay from internal 50pF plus 
WRITE clock one TTL load 
tsi/O | Input setup time to internal 
WRITE clock 
t/O-s | Output valid to STROBE delay 1/0 toad = 


5OpF + 1 TTL load 











skied STROBE low time 
T | tH RESET hold time, low 


treoc | RESET hold time, low for power 





supply 
rise 


op) 
— 
ay 
O 
w 
m 


clear lume 
EXT INT EXT INT hold time in active and 
inactive state 
CAPACITANCE 
Ta = 25°C 


All Part Numbers 


| PARAMETER 


| unmeasured 


pins grounded 
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AC CHARACTERISTICS FOR SERIAL 1/0 PINS 
Ta. Vcc within specified operating range. 
I/O Power Dissipation < 100mW (Note 2) 


son PARAMETER ran [a 
SRCLK | tqspRcLk) | Serial Clock Period in 
External Clock Mode 
tWISRCLKH) | Serial Clock Pulse Width, High. 
External Clock Mode 
tWISRCLKL) | Serial Clock Pulse Width, Low. 
| External Clock Mode | 










tr(SRCLK) | Serial Clock Rise Time 
Internal Clock Mode 





0.8V -2.0V 

Cy = 100pf 

tXSRCLK) Serial Clock Fall Time 30 2.4V -0.4V 
Internal Clock Mode | Ci = 100pf 






Setup Time To Rising Edge 
of SRCLK (SYNC Mode) 


Hold Time From Rising 
Edge of SRCLK (SYNC Mode) 









Data Output Delay From 
Falling Edge of SRCLK 
| (SYNC Mode) 











AC CHARACTERISTICS FOR MK38P73 
(Signals brought out at socket) 

Ta, Vcc within specified operating range. 
1/O Power Dissipation <= 100mW (Note 2) 


SYMBOL PARAMETER | UNIT) CONDITION 





: Access time from | 
: Address Ay 41-Agi stable | ® = 2.0MHz 
until data must be valid at 

D7-Do 


*See Table in Figure 13. 
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DC CHARACTERISTICS 
Ta, Vcc within specified operating range 
1/O power dissipation < 100mW 


PARAMETER 


Average Power Supply 
Current 


Power Dissipation 


THOMSON SEMICONDUCTEURS 
2-445 


Outputs Open 


MK38P73/02 
No EPROM, 
Outputs Open 


MK3873/22 
Outputs Open 


MK38P73/02 
No EPROM, 


Outputs Open 








19/26 





MK3873 © MK38P73 





DC CHARACTERISTICS 
Ta, Vcc within specified operating range 
1/O Power Dissipation = 100mW (Note 2) 


8 
re) 
a 
= 
oS 
= 
o 







PARAMETER T) CONDITIONS 





External Clock input high level 24 


External Clock input low level 
External Clock input high current 
ILEX External Clock input low current 


Vini/O|  !7O input high level 


c 
< 


& 






< 


IHEX=VCC 


VILEX=Vss 
| Standard pull-up (1) 


open drain (1) 


Input high level, RESET 


VIHR standard pull-up (1) 


Ny] N 

Nl oO 
_ | 
w ah 
S 3 


él e 
ssi 2 <|<[<[<[< 


No pull-up 


ed ~ 
° ° 


N} oN 

oO; Oo 
Go 
[pe] 


ViHEI Input high level, EXT INT standard pull-up (1) 





Ni] NIN 
Ni] NI] 


VIL I/O ports, RESET’, EXT INT! 
input low level 


Ne Input low current, standard 
pull-up pins 


Input leakage current, open drain 
pins RESET and EXT INT inputs 
With no pull-up resistor 


< 


IN=0.4V 










Output high current, standard 


< 


OH=2.4V 


mA 
BA 
mA 


ne 
[e) 
© 
ah 
00 


pull-up pins OH=3-9V 


| 
| 
N 
oO 


Output high current, H=2.4V 


direct drive pins OH=1.5V. 
OH™ 


oL=0.4V 


<< 
| 

2) 

2 


Output low current, I/O ports 


< 


STROBE Output High current 


OL=2.4V 





Vo =0.4V 


= 


OLS STROBE output low current 


o1 
f 
NO 
~~ 
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DC CHARACTERISTICS FOR MK38P73 
(Signals brought out at socket) 
Ta, Vcc within specifiec operating range, |/O Power Dissipation < 100mW. (Note 2) 


Power Supply Current -185 
for EPROM 


Input Low Level Data bus in 
Input High Level Data bus in 2.2 


Output High Current 


Output Low Current yes 
Input Leakage Current — 


DC CHARACTERISTICS FOR SERIAL PORT 1/0 PINS 
Ta, Vcc within specified operating range . 
1/O Power Dissipation <= 100mW (Note 2) 


SYM PARAMETER 
















Vo, =0.4V 


Data Bus in Float 


VIHS Input High for SI, SRCLK 2. 


VILS Input Low level for SI, SRCLK 


Nits Input low current for SI, SRCLK 


lIOHSO | Output High Current SO 


loLsO_ | Output Low Current SO 
IOHSRC | Output High Current SRCLK 


1. RESET and EXT INT have internal Schmit triggers giving minimum .2V hysteresis. 
2. Power dissipation for |/O pins is calculated by (Vcc - Vit) Ghul) + 2 Vcc - Von) Hol) + 2 (VoL) low) 


TIMER AC CHARACTERISTICS 





Definitions: 
Error = Indicated time value - actual time value 


tpsc = t ® x Prescale Value 
Interval Timer Mode: 


Single interval error, free running (Note 3) 2.1.6... cee eee ene eee ent e beeen eee neenees +6t® 
Cumulative interval error, free running (Note 3) ..... 0... cece cc cree cere teen tee eee ee ence eee ee eens 0 
Error between two Timer reads (Note 2) 2.0... cc cc ccc eee rece eee eee eee e eee teen e tere ee eeee + (tpsc + t® 
Start Timer to stop Timer error (Notes 1,4). 0.0.0... cece cee ce eee ee eee treet e eee eee eceee +t® to —(tpsc +t®) 
Start Timer to read Timer error (NoteS 1,2) ......... ccc cece cree eee e eee 1 Ps 1 ag clad ate Rages —5t® to —(tpsc + 7t®) 
Start Timer to interrupt request error (NoteS 1,3) 0... 0... cece cece ee eee teen e ee cet e teen tenes —2t to —8t) 
Load Timer to stop Timer error (Note 1) 0.0... . cece cee ce eee eee eee tee ee tee eee eens +t to —(tpsc + 2th) 
Load Timer to read Timer error (NoteS 1,2) 2.0... ccc cee eee cerns eee terete eeee —5t® to —(tpsc + 8td) 
Load Timer to interrupt request error (NoteS 1,3) 2.0... cece cc cee eect eee teen eee eee eee —2t? to —9t) 
21/26 
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Pulse Width Measurement Mode: 


Measurement accuracy (Note 4)........ 00. ccc cc cc cee cece ete eee cece ee eeseeeees +t to —(tpsc +2t ) 

Minimum pulse width of EXT INT pin. ........ 0... ccc cee cece cece eee cee e een ence ceeenceeeeeeeeeeees 2tm 
Event Counter Mode: 

Minimum active time of EXTINT pin .......... 0. ccc cece cece tee ee ete e eee eeceseeeceeteeeteneeaes 2th 

- Minimum: inactive time of EXT INT pits2 ccrcis ere alanine entrada dae wa SW Ga eee wakes eae OE eed eS 2t® 


Notes: 


—_ 


All times which entail loading, starting, or stopping the Timer are referenced from the end of the last machine cycle of the OUT or OUTS instruction. 

All times which entail reading the Timer are referenced from the end of the last machine cycle of the IN or INS instruction. 

All times which entail the generation of an interrupt request are referenced from the start of the machine cycle in which the appropriate interrupt request latch is set. Additional 
time may elapse if the interrupt request occurs during a privileged or multicycle instruction. 

Error may be cumulative if operation is repetitively performed. 
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INPUT/OUTPUT AC TIMING 
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AC TIMING DIAGRAM FOR SERIAL I/O PINS. 
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ORDERING INFORMATION 


There are two types of part numbers for the 3870 family of 
devices. The generic part number describes the basic device 





tolerance. For each customer specific code, additional 
information defining |/O options and oscillator options will be 
combined with the information described in the generic part 


type, the amount of ROM and Executable RAM, the desired number to define a customer/code specific device order 


package type, temperature range, and power supply number. 
GENERIC PART NUMBER 
An example of the generic part number is shown below. 
MK 3873/2 2 P-10 
ioe Supply Tolerance 0=5V + 10% 
5=5V+5% 
Operating Temperature Range 0 = O°C - +70°C 
1 = -40°C - +85°C 
Package type P = Ceramic 
: J = Cerdip 
N = Plastic 
Executable RAM Designator O = None 
2 = 64 bytes 
ROM Designator 2 = 2K bytes 
Basic Device Type | 
An example of the generic part number for the PPROM device 
is shown below. 
MK38P73/02 R-05 
DEVICE ORDER NUMBER 
An example of the device order number is shown below. 
MK 95002 N -05 
[grees Supply Tolerance 0=5V+10% 
5=5V+5% 
Operating Temperature Range O = O°C - +70°C 
1 = -40°C - +85°C 
Package Types P = Ceramic 
J = Cerdip 
Customer/Code Specific Number N = Plastic 


The Customer/Code specific number defines the ROM bit 
pattern, |/O configuration, oscillator type, and generic part 
type to be used to satisfy the requirements of a particular 
customer purchase order. For further information on the 
ordering of mask ROM devices, the customer should refer to 
the 3870 Family Technical Manual. 


These specifications are subjet to change without notice. 
Please inquire with our sales offices about the availability of the different products. 
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3870 SINGLE CHIP MICRO FAMILY 


MK3875 FEATURES 


@ Available with 2K or 4K bytes of mask programmable 
ROM memory 


®@ 64 bytes scratchpad RAM 
@ 64 bytes of Executable RAM 


@ Standby feature for low power data retention of CASES 
executable RAM including: 
Low standby power 
Low standby supply voltage 
No external components required to trickle charge 
battery. 


@ Software compatible with 3870 family 
@ 30 bits (4 ports) TTL compatible |/O 


@ Programmable binary Timer 
Interval Timer Mode 
Pulse Width Measurement Mode 
Event Counter Mode 


External Interrupt Input MK38P75 


MK3875 


Crystal, LC, RC, or external time base options available 
Low power under normal operation (285 mW typ.) 
+5 volt main power supply 


Pinout compatible with 3870 family 


MK38P75 FEATURES 

@ EPROM version of MK3875 

@ Piggyback RPOM (P-PROM)™ package 

® Accepts 24 pin or 28 pin EPROM memories 
@ Identical pinout as MK3875 

@ In-socket emulation of MK3875 


MK3875 PIN ASSIGNMENTS MK38P75 


PIN NAME DESCRIPTION 


1/0 PortO Bidirectional 
1/0 Port 1 Bidirectional 
1/0 Port 4 Bidirectional 
- P5- 1/0 Port 5 Bidirectional 
MK3875 Ready Strobe Output MK38P75 


External Interrupt Input 
External Reset Input 
Test Line Input 
Time Base Input 
Power Supply Lines Input 
Standby Power Input 
Substrate Decoupling | Input 
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MK3875 BLOCK DIAGRAM 
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GENERAL DESCRIPTION 


The MK3875 Single Chip Microcomputer offers a Low 
Power Standby mode of operation as an addition to the 
3870 Family. The Low Power Standby feature provides a 
means of retaining data in the executable RAM on the 
MK3875 while the main power supply line (Vcc) is at O volts 
and the rest of the MK3875 microcomputer is shut down. 
The executable RAM is powered from an auxiliary power 
supply input (Vsg) while operating in the Lower Power 
Standby mode. When Vg is maintained at or above its 
minimum level, data is retained in the executable RAM 
memory with a very low power dissipation. 


The MK3875 retains commonality with the rest of the 
industry standard 3870 family of single chip micro- 
computers. It has the same central processing unit, 
oscillator and clock circuits, and 64 byte scratchpad memory 
array. Also, the 3870's sophisticated programmable binary 
timer is included which provides three different operating 
modes. Two ins on the MK3875 are dedicated to the Low 


Power Standby mode and are designated as Vcg and Vppz. 
The RESET line serves to reset the MK3875 and place it ina 
protected state so that the contents of the Executable RAM 
will remain unchanged when V¢z is being powered down to 
O volts. All other pins on the MK3875 are identical in 
function to corresponding pins on the MK3870, so that pin 
compatibility is maintained. The MK3875 executes the 
entire 3870 instruction set. 





The MK38P75 microcomputer is the PROM based version 
of the MK3875. It is called the piggyback PROM (P-PROM)™ 
because of its packaging concept. This concept allows a. 
standard 24-pin or 28-pin EPROM to be mounted directly 
on top of the microcomputer itself. The EPROM can be 
removed and reprogrammed as required with a standard 
PROM programmer. The MK38P75 retains the pinout and 
architectural features as other members of the 3870 family. 
The MK38P75 is discussed in more detail in a later section. 


FUNCTIONAL PIN DESCRIPTION 


PO-2 - PO-7, P1-0 - P1-7, P4-0 - P4-7, and P5-0 - P5-7 are 
30 lines which can be individually used as either TTL 
compatible inputs or as latched outputs. 


STROBE is a ready strobe associated with |/O Port 4. This 
pin, which is normally high, provides a single low pulse after 
valid data are present on the P4-0 - P4-7 pins during an 
output instruction. 


RESET - may be used to externally reset the MK3875. 
When pulled low, the Mk3875 will reset. When allowed to 
go high the MK3875 will begin program execution at 
program location H ‘OOO’. Additionally, when RESET is 
brought low all accesses of the executable RAM are 
prevented and the RAM is placed in a.protected state for 
powering down Vcc without loss of data. 





EXT INT is the external interrupt input. Its active state is 
software programmable. This input is also used in 
conjunction with the timer for pulse width measurement 
and event counting. 


XTL 1 and XTL 2 are the time base inputs to which a crystal 
(2 to 4 MHz), LC network, RC network, or an external single- 
phase clock may be connected. The time base network must 
be specified when ordering an MK3875. 


TEST is an input used only in testing the MK3875. For 
normal circuit function this pin may be left unconnected but 
it is recommended that TEST be grounded. 


Vec is the power supply input +5 V. 
Vsg is the RAM standby power supply input. 


Ves is the substrate decoupling pin. A .01 micro-Farad 
capacitor is required which is tied between Vez and GND. 
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MK3875 ARCHITECTURE 


The basic functional elements of the mask ROM MK3875 
single chip microcomputer are shown tn the block diagram 
in Figure 1. A programming model is shown in Figure 2 
Much of the Mk3875 architecture is identical with the rast 
of the devices in the 3870 family. The significant features of 
the MK3875 are discussed in the following sections. The 
user is referred to the 3870 Family Technical Manual for a 
thorough discussion of the architecture, instruction set, and 
other features which are common to the 3870 family. 


MAIN MEMORY 


The main memory section on the MK3875 consists of a 
combination of ROM and executable RAM. 


There are four registers associated with the main memory 
section. These are the Program Counter (PO), the Stack 
Register (P), the Data Counter (DC) and the Auxiliary Data 
Counter (DC1). The Program Counter is used to address 
instructions during program execution. P is used to save the 
contents of PO during an interrupt or subroutine call. Thus, 
P contains the return address at which processing is to 
resume upon completion of the subroutine or the interrupt 
routine. 


The Data Counter (DC) is used to address data tables. This 
register is auto-incrementing. Of the two data counters only 
DC can access the memory. However, the XDC instruction 
allows DC and DC1 to be exchanged. 


The length of the PC P, DC, and DC1 registers for all 
MK3875 devices is 12 bits. Figure 3 shows the amounts of 
ROM and Executable RAM for each device in the MK3875 
family. 
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3875 PROGRAMMABLE REGISTERS, PORTS AND MEMORY MAP 
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Figure 2 


EXECUTABLE RAM 


The upper bytes of the total address space in all MK3875 
devices are RAM memory. As with the ROM memory, the 
RAM may be addressed by the PO and DC address registers. 
The executable RAM may be accessed by all 3870 
instructions which address main memory _ indirectly 
through the Data Counter (DC) register. Additionally, the 
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MK3875 may execute an instruction sequence which 
resides in the executable RAM. Note that this sequence 
cannot be done with the scratchpad RAM memory, which is 
the reason the term “executable RAM” is given to this 
additional memory. The contents of the executable RAM 
memory are preserved when the Low Power Standby mode 
is in operation. 
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MK3875 MAIN MEMORY SIZES AND TYPES BY SLASH NUMBER 
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All devices eontain 64 bytes of scratchpad RAM 


Data derived from addressing any locations other than 
within the specified ROM or RAM space is not tested nor is 
it guaranteed. Users should refrain from entering this area 
of the memory map. — 
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Figure 3 


I/O PORTS 


The MK3875 provides 30 bits of bidirectional parallel |/O. 
These lines are addressed as Ports 0, 1,4 and 5. In addition, 
the Interrupt Control Port is addressed as Port 6 and the 
binary timer is addressed as Port 7. The programming of 
Ports 6 and 7 and the bidirectional I/O pins are covered in 
the 3870 Family Technical Manual. 


Since two pins are dedicated to serve the Standby Power 
mode (Vsp), port O has only the upper 6 bits, PO-2 - PO-7, 
available for use as genera! purpose |/O pins. Ports 1,4, and 
5 are all a fuil 8 bits wide. 


The schematic of an !1/O pin and available output drive 
options are shown in Figure 4. 


An output ready strobe is associated with Port 4. This flag 
may be used to signal a peripheral device that the MK3875 
has just completed an output of new data to Port 4. The 
strobe provides a single low pulse shortly after the output 
operation is completely finished, so either edge may be used 


to signal the peripheral. STROBE may be used as an input 
strobe simply by doing a dummy output of H ‘00’ to Port 4 
after completing the input operation. 


STANDBY POWER MODE 


On the MK3875, the contents of the on-chip executable 
RAM can be saved when the Standby Power mode is 
operative. The Standby Power mode allows the MK3875’'s 
main power supply to drop all way down to 0 volts while the 
on-chip executable RAM is powered from the auxiliary low 
power supply input, Vsg. Thus, key variables may be 
maintained within the MK3875 executable RAM during the 
time that the rest of the microcomputer is powered down. 


On the MK3875, two of the pins which are used as 
bidirectional port pins on the MK3870 are used for the 
Standby Power feature. Port O, Bit O (PO-0), remains 
readable and writeable although it is not connected to a 
package pin. The logic level being applied to the auxiliary 
power supply input (Vgg) can be read at Port O, Bit 1 (PO-1). 
Writing to PO-1 has no effect. 
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1/0 PIN CONCEPTUAL DIAGRAM WITH OUTPUT BUFFER OPTIONS 


Voc o 


an ie uti 


BUFFER 


PORT 
O oe 1/0 
PIN 


— 
« 
.°) 
a. 
a 
< 
w 
« 


LOAD PORT 





C4 : a 


DATA BUS (WIRED-OR CONFIGURATION) 


OUTPUT BUFFER OPTIONS 


MASK PROGRAMMABLE 
Vec : Yec 
6K TYP. 1KOTYP. 
STANDARD OPEN DRAIN DIRECT DRIVE 
OUTPUT OUTPUT OUTPUT 


Ports 0 and 1 are Standard Output type only. 


Ports 4 and 5 may both be any of the three output options (mask programmable bit by bit) 


The STROBE output is always configured similar to a Direct Drive Output except that it is capable of driving 3 TTL loads. 


RESET and EXT INT may have standard 6K) (typical) pull-up or may have no pull-up (mask programmable). These two inputs have Schmitt trigger 
inputs with a minimum of 0.2 volts of hysteresis. 


RESET and EXT INT do not have internal pull up on the MK38P75. 


Figure 4 
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A capacitor (.01 microfarads) must be connected between 
pin 3 (Vgg) and ground. Vgp is bonded directly to the 
substrate of the MK3875. The purpose of the capacitor is to 
decouple noise on the substrate of the circuit when Vcc is 
switched on and off. 


It is recommended that Nickel Cadmium batteries (typical 
voltage of 3 series cells = 3.6V) be used for standby power, 
since the MK3875 can automatically trickle charge the 
three NiCads. If more than three cells in series are used, the 
charging circuit must be provided outside the MK3875. 


Whenever RESET. is brought low, the executable RAM is 
placed in a protected state. Also the RAM is switched from 
Vcc power to the Vsp power. When powering down, it may 
be desirable to interrupt the MK3875 when an impending 
power down condition is detected, so that the necessary 
data can be saved before Vcc falls below the minimum 
level. After the save is completed, RESET can fall, which 
prevents any further access of the RAM. The timing for this 
power down sequence is illustrated in Figure 5A. 








A second power down sequence is illustrated in Figure 5B, 
and may be used if a special save data routine is not needed. 
The EXT INT line need not be used. Note that for both cases 
shown in Figures 5A and 5B, RESET must be low before 
Vec drops below the minimum specified operating voltage 
for the MK3875. This is to ensure that the contents of the 
executable RAM are not altered during the power down 
sequence. 


There may be a set of variables stored in the RAM memory 
which is continually updated during the tme when the 
MK3875 is in its normal operating mode. If a particular 
variable occupies more than one byte of RAM, there can be 
a problem if a reset occurs in response to an impending 
power down condition during the time that the multi-byte: 
variable was being modified. If such a reset occurs, then’ 
only part of the variable may contain the updated value, 
while the rest contains the old value. An example of this 
case would be when a double precision (2 byte) binary 
number is being saved in the executable RAM. Suppose 
that a new value of the number has been calculated in the 
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program, and that this new value is to replace the oid value 
contained in the executable RAM; note that a reset could 
occur just after the program wrote one byte of the new value 
into the RAM. When power is restored following the 
Standby Power mode, the double precision variable would 
contain an erroneous value. 


This problem can be avoided if the external interrupt is used 
to signal the MK3875 of an impending power down 
condition. The user’s system should be designed so that the 
MK3875 can properly save all variables between the time 
that the external interrupt occurs and RESET falls. If multi- 
byte variables must be saved during the Standby Power 
mode and it is not desirable to use the external interrupt in 
the manner described above, then each byte of a multi-byte 
variable may be kept with an associated flag. The method of 
updating a two byte variable would be as follows: 


- Clear Flag Word 1 
- Update Byte 1 

- Set Flag Word 1 

- Clear Flag Word 2 
- Update Byte 2 

- Set Flag Word 2 


Now if RESET goes low during the update of a byte of a 
variable, the flag word associated with that byte of data will 
be reset. Any byte of the variable where the flag word is 
“set” is a good byte of data. While this method significantly 
encumbers the data storage process, it eliminates the need 
for a power fail interrupt which both reduces external 
circuitry and leaves the external interrupt pin completely 
free for other use. 


Often it is necessary to distinguish between an initial 
power-on condition wherein there is no valid data stored in 
the RAM (or where Vspg has dropped below the minimum 
required stand-by level) and a re-application of power 


-wherein valid RAM data has been maintained during the 


8/24 





power outage. One method of distinguishing between 
these two conditions is to reserve several memory locations 
for key words and checksums. When V¢zc is applied and 
processor operation begins, these locations can be checked 
for proper contents. However, this method may not be 
perfectly accurate as those locations holding key codes may 
be maintained even though Vsp drops below its minimum 
required level while other RAM locations may lose data, or 
they could power up with the exact data required to match 
the key codes. Also a checksum may be matched on 
occasion even though RAM data has been corrupted. The 
accuracy of this method is improved by increasing the 
number of memory locations used and the variety of key 
codes and or checksums used. 

A more reliable method is the external Vcg flip-flop. The 
flip-flop is designed to power up in a known first state and 
hold that first state until forced into a second state. As long 
as Vcg is above the minimum operating level, the flip-flop 
can hold the second state, but, if Vgg drops below the 
minimum level, the flip-flop will flip back to the first state. 
Thus when power is initially applied or if Vsp drops below 
the minimum level during a Vcc outage, the flip-flop will be 
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in the first state. The flip-flop output can be read through a 
port pin by the processor when processor operation begins 
to determine whether the RAM data is valid (second state) 
or invalid (first state). If the flip-flop is found to be in the first 
state it can be forced to the second state by the processor. If 
it holds the second state, Vp is above the minimum level 
(batteries are charged). 


A conceptual diagram is shown in Figure 6. 
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MK38P75 GENERAL DESCRIPTION 


The MK38P75 is the EPROM version of the MK3875. It 
retains an identical pinout with the MK3875, which is . 
documented in the section of this data sheet entitled 
“FUNCTIONAL PIN DESCRIPTION”. The MK38P75_ is 
housed in the “R’ package which incorporates a 28-pin 
socket located directly on top of the package. A number of 
standard EPROMs may be plugged into this socket. 


The MK38P75 can act as an emulator for the purpose of 
verification of user code prior to the ordering of mask ROM 
MK3875 devices. Thus, the MK38P75 eliminates the need 
for emulator board products. In addition, several MK38P75s 
can be used in prototype systems in order to test design 
concepts in field service before commiting to high-volume 
production with mask ROM MK3875s. The compact size of 
the MK38P75/EPROM combination allows the packaging 
of such prototype systems to be the same as that used in 
production. Finally, in low-volume applications, the 
MK38P75 can be used as the actual production device. 


Most of the material which has been presented for the 
MK3875 in this document applies to the MK38P75. This 
includes the description of the pin configuration, 
architecture, and programming mode. Additional informa- 
tion is presented in the following sections. 


MK38P75 |/O PORTS 


The MK38P75 is offered with two types of output buffer 








MK3875 @ MK38P75 


options on Ports 4 and 5. These are the open drain output 
buffer and the standard output buffer which are pictured in 
Figure 4. The open drain version of the MK38P75 is 
provided so that user-selected open drain port pins on the 
MK3875 can be emulated prior to ordering those mask 
ROM devices. Figure 9 lists which version(s) of the 
MK38P75 has open drain output buffers and which has 
standard output buffers in parentheses following the 
specified MK38P75 part ordering number (MK9XXXX). 


MK38P75 MAIN MEMORY 


As can be seen from the block diagram in Figure 7, the 
MK38P75 contains executable RAM in the main memory 
map. The MK38P75 contains no on-chip ROM. Instead, the 
memory address lines are brought out to the 28-pin socket 
located directly on top of the 40-pin package, so the external 





ERPOM memory is addressed as main memory. 

There is one memory version of the MK38P75 and it is 
designated as the MK38P75/02. The MK38P75/02 
contains 64 bytes of on-chip executable RAM. The 
MK38P75/02 can emulate the following devices. 


MK3875/22 
MK3875/42 


The MK38P75/02 cannot exactly emulate the MK3875/40 
because of the 64 bytes of executable RAM in the upper 
ROM space of the MK3875/40. 


Addressing of main memory on the MK38P75_ is 
accomplished in the same way as it is for the MK3875. See 
Figure 8 for main memory addresses and for address 
register size in the MK38P75. 


MK38P75 BLOCK DIAGRAM 


XTL1 


CLOCK | 


MEMORY ADDRESS BUS 


XTL2 









MAIN 
CONTROL 
LOGIC 


EXT INT 


¥ ¥ INTERRUPT 


Seles 





SCRATCHPAD 
REGISTERS 







DOAYSK -CSCOAOyY 





RESULT BUS 


RESET & 
POWER ON 





RESET 


Figure 7 
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MK38P75 MAIN MEMORY MAP 








64 BYTES 
INTERNAL 
RAM EXECUTABLE 

RAM 

| 
| i 
| ! 
| | 
| | 800 2048 
7FF 2047 

| 
| 

| 
[ 

| 
| 

I 
| l 
| EXTERNAL | 
| EPROM | 
| | ___000 0000 
MK38P75/02 


Scratchpad Address Register | ROM 
RAM Size Size Size 
(Decimal) PO, P,DC, DC1) | (Decimal) 


MK38P75/02 
97403 





Figure 8 


MK38P75 “’R’’ PACKAGE SOCKET PINOUT 


MK38P75 EPROM SOCKET 


A 28-pin ERPOM socket is located on top of the MK38P75 
“R" package. The socket and compatible ERPOM memories 
are shown in Figure 9. When 24-pin memories are used in 
the 28-pin socket, they should be inserted so that pin 1 of 
the memory device is plugged into pin 3 of the socket (the 
24-pin memory should be lower justified in the 28-pin 
socket). 


The 28-pin socket has been provided to allow use of both 
24-pin and 28-pin memory devices. Minor pin-out 
differences in the memory devices must be accommodated 
by providing different versions of the MK38P75. 





Initially, the MK38P75 that is compatible with the MK2716 


: ; MK97413 (Open Drain Outputs) MK97403 (Standard Outputs 
is available. The MK38P75 designed to accommodate the Compatible Memories - ese palatial 
28-pin memory devices will be available at a later date. 2758 . 2758 
MK2716 MK2716 
2516 2516 
2532 2532 
Figure 9 
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MEMORY ACCESS TIMING 


Atiming diagram depicting the memory access timing of the 
MK38P75 is shown in the next table. The ® clock signal is 
derived internally in the MK38P75 by dividing the time base 


frequency by two and is used to establish all timing: 


frequencies. The WRITE signal is another internal signal to 
the MK38P75 which corresponds to a machine cycle, 
during which time a memory access may be performed. 
Each machine cycle is either 4 ® clock periods or 6 ® clock 
periods long. These machine cycles are termed short cycles 
and long cycles, respectively. The worst case memory cycle 





is the short cycle, during which time an op code fetch is 
performed. This is the cycle which is pictured in the timing 
diagram. After a delay from the falling edge of the WRITE 
clock, the address lines become stable. Data must be valid at 
the data out lines of the PROM for a setup time prior to the 
next falling edge of the WRITE pulse. The total access time 
available for the MK38P75 version is shown as t,,, or the 
time when address is stable until data must be valid on the 
data bus lines. The equation for calculating available 
memory access time along with some calculated access 
times based on the listed time base frequencies is shown in 
the following table. 


MEMORY ACCESS SHORT CYCLE OP CODE FETCH MK38P75 


WRITE oe a, eee es | 
Ai1-Ao PREVIOUS ADDRESS , NEW ADDRESS 


® Signal is internal to the MK38P75 





-850ns (FROM ADDRESS STABLE) 


EL Pee 
~ time base freq. 








DAT 
VALI 


<<. t,,, —_—> 
Estee 
TIME 
Figure 10 
3875 TIME BASE OPTIONS CRYSTAL SELECTION 


The 3875 contains an on-chip oscillator circuit which 
provides an internal clock. The frequency of the oscillator 
Circuit is set from the external time base network. The time 
base for the 3875 may originate from one of four sources: 


1) Crystal 

2) LC Network 
3) RC Network 
4) External Clock 


The type of network which is to be used with the mask ROM 


MK3875 must be specified at the time when mask ROM 


devices are ordered. However, the MK38P75 may operate 
with any of the four configurations so that it may emulate 
any configuration used with a mask ROM device. 


The specifications for the four configurations are given in 
the following text. There is an internal 26 pF capacitor 
between XTL 1 and GND and an internal 26 pF capacitor 
between XTL 2 and GND. Thus, external capacitors are not 
necessarily required. In all external clock modes the 
external time base frequently is divided by two to form the 
internal PHI clock. 
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The use of a crystal as the time base is highly recommended 
as the frequency stability and reproducability from system 
to system is unsurpassed. The 3875 has an internal divide 
by two to allow the use of inexpensive and widely available 
TV Color Burst Crystals (3.58 MHz). Figure 12 lists the 
required crystal parameters for use with the 3875. The 
Crystal Mode time base configuration is shown in Figure 
11. 


Through careful buffering of the XTL1 pin it may be possible 
to amplify this waveform and distribute it to other devices. 
However, Mostek recommends that a separate active 
device (such as a 7400 series TTL gate) be used to oscillate 
the crystal and that the waveform from that oscillator be 
buffered and supplied to all devices, including the 3875, in 
the event that a single crystal is to provide the time base for 
more than just a single 3875. 


While a ceramic resonc. ior may work with the 3875 crystal 
oscillator, it was not designed specifically to support the use 
of this component. Thus, Mostek does not support the use of 
a ceramic resonator either through proper testing, 
parametric specification, or applications support. 


11/2¢ 
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CRYSTAL MODE CONNECTION 


Tgt 


AT - CUT 


Figure 11 


CRYSTAL PARAMETERS 


a) Parallel resonance, fundamental mode AT-Cut 


b) Shunt capacitance (Cp) = 7 pf max. 
c) Series resistance (Rg) = See table 
d) Holder = See table below. 


Frequency 
f = 2-2.7 MHz 


f = 2.8-4 MHz 


Series Resistance 
Rs = 300 ohms max 


Rs = 150 ohms max 


Holder 
HC-6 
HC-33 


HC-6 
HC-18* 
HC-25* 
HC-33 


*This holder may not be available at frequencies near the lower end of this range. 


Figure 12 


LC NETWORK 


The LC time base configuration can be used to provide a less 
expensive time base for the 3875 than can be provided with 
a crystal. However, the LC configuration is much less 
accurate than is the crystal configuration. The LC time base 
configuration is shown in Figure 13. Also shown in the 
figure are the specified parameters for the LC components, 
along with the formula for calculating the resulting time 
base frequency. The minimum value of the inductor which 
is required for proper operation of the LC time base network 
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isO.1 millihenries. The inductor must have a O factor which 
is no less than 40. The value of C is derived from C external, 
the internal capacitance of the 3875, Cy7,, and the stray 
capacitances, Cg, and Cgo. Cyz, is the at XTL1 and 
capacitance looking into the internal two port network 
XTL2. Cy, is listed under the “Capacitance” section of the 
Electrical Specifications. Cs; and Cgo are stray capaci- 
tances from XTL1 to ground and from XTL2 to ground, 
respectively. C external should also include the stray shunt 
capacitance across the inductor. This is typically in the 3 to 5 
pf range and significant error can result if it is not included in 
the frequency calculation. 
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LC MODE CONNECTION 





CEXTERNAL 
(OPTIONAL) 
1 
f= 2n7V UC 
Figure 13 


Variation in time base frequency with the LC network can 
arise from one of four sources: 1) Variation in the value of 
the inductor. 2) Variation in the value of the external 
capacitor. 3) Variation in the value of the internal 
capacitance of the 3875 at XTL1 and XTL2, and 4) Variation 
in the amount of stray capacitance which exists in the 
circuit. Therefore, the actual frequency which is generated 
by the LC circuit is within a range of possible frequencies, 
where the range of frequencies is determined by the worst 
case variation in circuit parameters. The designer must 
select component values such that the range of possible 
frequencies with the LC mode does not go outside of the 
specified operating frequency range for the 3875. 


RC CLOCK CONFIGURATION 


The time base for the 3875 may be provided from an RC 


network tied to the XTL2 pin, when XTL1 is grounded. A 
schematic picturing the RC clock configuration is shown ir. 
Figure 14. The RC time base configuration is intended to 
provide an inexpensive time base source for applications in 
which timing is not critical. Some users have elected to tune 
each unit using a variable resistor or external capacitor thus 
reducing the variation in frequency. However, for increased 
time base accuracy Mostek recommends the use of the 
Crystal or LC time base configuration. Figure 15 illustrates a 
curve which gives the resulting operating frequency for a 
particular RC value. The x-axis represents the product of the 
value of the resistor times the value of the capacitor. Note 
that three curves are actually shown. The curve in the 
middle represents the nominal frequency obtained for a 
given value of RC. A maximum curve and a minimum curve 
for different types of 3875 devices are also shown in the 
diagram. 


RC MODE CONNECTION 


RC MODE 
a] 
XTL1 cc 
R 


MINIMUM R = 4K 0 


GC = 26.5 pF + 2.6pF + Cexternal 


THOMSON SEMICONDUCTEURS 


2-465 


—l- CEXTERNAL 
7T. (OPTIONAL) 


— 


Figure 14 
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FREQUENCY VS. RC 


<AZgZmCcoman 





2.5 x 10°7. 







387X-00, -5 


387X-10, -15 


Figure 15 


The designer must select the RC product such that a 
frequency of less than 2 MHz is not possible taking into 
account the maximum possible RC product and using the 
minimum curve shown in Figure 15. Also, the RC product 
must not allow a frequency of more than 4 MHz taking into 
account the minimum possible R and C and using the 
Maximum curve shown. Temperature induced variations in 
the external components should be considered in 
calculating the RC product. 


Frequency variation from unit to unit due to switching speed 
and level at constant temperature and Voc = + or - 5 
percent. 


Frequency variation due to Vcc with all other parameters 
constant with respect to +5V = +7 percent to -4 percent on 
all devices. 


Frequency variation due to temperature with respect to 25 
C (all other parameters constant) is as follows: 


PART # VARIATION 
387X-00, -05 +6 percent to- 9 percent 
387X-10, -15 +9 percent to -12 percent 


Variations in frequency due to variations in RC components 
may be calculated as follows: 


Maximum RC = (R max) (C external max + Cy;, max) 
Minimum RC = (R min) (C external min + C7, min) 
Typical RC = (R typ) (C external typ + 


{Cy max + Cyp, min}) 
2 
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Positive Freq. Variation = RC typical - RC minimum 
RC typical 


Negative Freq. Variation = RC maximum - RC typical 
due to RC Components RC typical 


Total frequency variation due to all factors: 


387X-00, -05 

= +18 percent plus positive 
frequency variation due 
to RC components 


387X-10, -15 

= +21 percent plus positive 
frequency variation due 

to RC components 


=-18 percent minus negative 
frequency variation due to 
RC components 


=-21 percent minus 
negative frequency 

variation due to RC 
components 


Total frequency variation due to Voc and temperature of a 
unit tuned to frequency at +5V V_,, 25 C 


387X-00, -05 
= + 13 percent 


387X-10, -15 
= + 16 percent 


EXTERNAL CLOCK CONFIGURATION 


The connection for the external clock time base 
configuration is shown in Figure 16. Refer to the DC 
Characteristics section for proper input levels and current 
requirements. 


Refer to the Capacitar.ce section of the appropriate 3875 
Family device data sheet for input capacitance. 
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EXTERNAL MODE CONNECTION 


NO CONNECTION EXTERNAL 
CLOCK 
INPUT 


Figure 16 


MK3875, MK38P75 
ELECTRICAL SPECIFICATIONS 


OPERATING VOLTAGES AND TEMPERATURES 






Dash Operating Operating 
Number Temperature 
Suffix Ta 












- 00 “V + 10% O°C - 70°C 
- 05 +5V + 5% O°C - 70°C 
- 10 +5V + 10% -40°C - +85°C 
- 15 +5V + 5% -40°C - +85°C 





See order information for explanation of part numbers. 


MAXIMUM RATINGS* 


-00, -05 -10, -15 

Temperature Under BiaS ............ ccc cece eee eee eee eeee —-20°C +85°C -50°C to 100°C 
Storage Temperature .......... ccc ccc ccc eee eee eee eee -65°C +150°C -65°C to +150°C 
Voltage on any Pin With Respect to Ground 

(Except open drain pins and TEST} ............-.. see eeeees -1.0V to +7V -1.0V to +7V 
Voltage on TEST with Respect to Ground ................065- -1.0V to +9V -1.0V to +9V 
Voltage on Open Drain Pins with Respect to Ground .......... -1.0V to +13.5V -1.0V to 13.5V 
Power Dissipation ......... ccc ccc ccc cece eee eter et eenees 1.5W 1.5W 
Power Dissipation by any one I/O pin .............. eee eens 6O0mW 6OmW 
Power Dissipation by all 1/O pins ............. 02 cee eee eee +. 6O0OmW 600mW 


*Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation of the device at 
these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating and conditions for extended 
periods may affect device reliability. 
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AC CHARACTERISTICS 
Ta Vcc within specified operating range 
I/O Power Dissipation < 100mW (Note 4) 


SYM | PARAMETER 


Time Base Period, all clock modes} 250 | 500 | 250 500 


UNIT |NOTES 


EI 
2 
Ei 

z) 


4MHz-2MHz 


- 
o 


tex(H) | External clock pulse width high 
texiL) | External clock pulse width low 


Internal ® clock 


400 | 100 
400 ; 110 | 390 


g 


8 


Qs 





a ab 


tw Internal WRITE Clock period 4t®@ 4th Short Cycle 
6t® 6td Long Cycle 
1/0 tqi/o. | Output delay from internal 50pF plus 
WRITE clock one TTL load 


| ts1/O_ | Input setup time to internal 
WRITE clock 
STROBE | t)/c.s | Output valid to STROBE delay oe 
Fa) + 6 OX) 
ts_. | STROBE low time 12th | 8tb 
| - +250 | -300 





1/O load = 
50fF + 1 TTL load 


STROBE load = 
50pF + 3TTL loads 











+ 
3/268 
ro) o'er 
w 
= 
1 





RESET RESET hold time, low 
EXT INT EXT INT hold time in active and 6td 


To trigger 
_jinterrupt 
Re eee ees 


inactive state 








3t® 
+300 
12L@ 
+300 
clear time +5.0 time #55 
ed eae 


AC CHARACTERISTICS FOR MK38P75 
(Signals brought out at socket) 

T,, Vec within specified operating range. 
\/O Power Dissipation < 100 mW. (Note 2) 


Access time from Address A, ,-Ap 
stable until data must be valid at D7-Dp 





*See Table in Figure 10 


CAPACITANCE 
Ta = 25°C All Part Numbers 


CIN Input capacitance; |1/O RESET, EXT. INT, pF 
TEST 
CXTL Input capacitance; XTL1, XTL2 | 













NOTES 


unmeasured 
pins grounded 
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DC CHARACTERISTICS 
Ta, Vcc within specified operating range 
1/O Power Dissipation < 100mW (Note 4) 


SYM PARAMETER | MAX | UNIT| NOTES 


125 }|_mA | Outputs Open (5) 
2 [se [> [oe 
cs 


LEX External Clock input low current 


VIHI/O Input high level, 1/O pins 2. 


Q 
O 
e 
@ 
= 
je} 
vo} 
@ 
ae) 
eo) 
= 
4) 
om | 
” 
Cc 
Ao) 
ZS 
< 
QO 
Cc 
com 
x 
i) 
| 
~- 


HEX=Vcc 


BEE 


ILEx=VSs 
Standard Pull-Up (1,2) 


Lind 
io} 
B : 
wW 
.o) 


Open Drain (1,3) 





VIHR Input high level, RESET 


No Pull-Up (1,3) 
VIHEI Input high level, EXT INT 


VIL 1/0 ports, RESET, EXT INT input = 
low level 
VitnpT | RESET input low level to protect : 3 4 
RAM during loss at Vcc 
Input low current, standard pull-up a Wa MA | Vin=0.4V 
pins 


DC CHARACTERISTICS (Continued) 


Ta: Vee within specified operating range 
I/O Power Dissipation = 100 mW (Note 4) 


SYM PARAMETER 


Input leakage current, open drain pins 
Reset and EXT INT inputs 
With no pull-up resistor 





13.2 No Pull-Up (1,3) 





S 


NTENM | MT] NM] fo 
WwW wo O!1O O!10 (o) 
' NO No 
Ww NO} Rh 
w 
foe) 
Y Y < 
a je’) 
3 3 
a om 
8 c 
a a 
v v 
c c 
c c 
=I scl 
has RX 





Output high current, standard 
Pull-Up pins 


Output high current 
Direct Drive pins 
Output low current, |/ O ports 
lous | STROBE Output High current | 


lots .  |STROBE output low current 
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DC CHARACTERISTICS FOR STANDBY POWER PINS 
Vcc. Ta within operating range |/O Power Dissipation < 100 mW (Note 4) 


SYMBOL | PARAMETER 
Standby Vcc for RAM 


a Standby Current 

ICHARGE | Trickle charge available on 
Vspwith Vcc in operating 
range. 


DC CHARACTERISTICS FOR MK38P75 
(Signals brought out at socket) 
Ta, Vec within specified operating range, I/O power dissipation = 100 mW (Note 2) 


PARAMETER 


Power Supply Current for EPROM P| 185 
Input Low Level Data bus in }-03 | 08 | 
Input’High Level Data bus in / 2.2 |) 58 | 






























UNIT | CONDITION 


JL ae 
nc oe 
cae 

ary 


3 












Output High Current 


Data Bus in Float 






Output Low Current 


Input Leakage Current 


RESET and ET INT have internal Schmit triggers giving minimum .2V hysteresis. 

. RESET and EXT INT prgrammed with standard pull-up 

RESET or EXT INT programmed without standard pull-up 

Power dissipation for I/O pins is calculated by 2 (Vcc - Viz) (My) + Z (Vcc - Von) Moul + 2 (Vor) low) 

- Icc exclusive of Icharge- 

. Pp exclusive of battery charging power. Battery charging power dissipated inside the MK3875 (Vcc - Vsp) (Icharge)- 





AARWN- 


TIMER AC CHARACTERISTICS 
Definitions: 
Error = Indicated time value - actual time value 


tpsc = t® x Prescale Value 


Interval Timer Mode 


Single interval error, free running (Note 3) ......... 0... ccc ccc cece cece e cece nee ceeceeceeees Rea as eee. 6th 
- Cumulative interval error, free running (Note 3) .............eecee cues ae ee reer er ee erent 0) 
Error between two Timer reads (Note 2) .......... cc cee cece ccc ec eee cece eee ceeeceeeseeeeeeeecess Atpsc + t) 
Start timer to stop Timer error (NoteS 1,4) 00.0... ccc ccc cc cece cece cece cece senetceeeces +t® to - (tpsc + t) 
Start Timer to read Timer error (NoteS 1,2) ........ ccc ccc ccc cee cece cence eee eeceecesecane -5t® to -(tpsc + 7td) 
Start Timer to interrupt request error (Notes 1,3) ......... cc ccc ccc cece cece ccc eeeveccecceceareees -2t® to -8tb 
Load Timer to stop Timer error (Note 1) 20... ... ccc ccc cee cece eee e eee eeceeeeees dais +t® to -(tpsc + 2th) 
Load Timer to read Timer error (NoteS 1,2) ....... 0... cc ccc cece eee e ee cee ce eenceeseceeees -5t® to -(tpsc + 8td) 
Load Timer to interrupt request error (Notes 1,3) 2.0.0.0... . ccc ccc ccc ccc cece ccc e cc ecccerceveeesecs -2t® to -9t& 
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Pulse Width Measurement Mode 


Measurement accuracy (Note 4)... 0... ccc ccc cece ee teen eee eeeeees siete R hae tats Sets +t ® to -(tpsc +2t 
Minimum pulse width of EXT INE. DIN». vende cn oe soe wae te Oe wled e Chow e Sense oe Ge Ke SS Vanee Swe Few 2t® 


Event Counter Mode 


Minimum active time of EXT INT pin 2... 0. ccc cece cece weer e rece c rece renee es asec seen eeasersoences 2t ® 
Minimum inactive time of EXTINT pin ..... 0... ccc cc ee ee eee eee e eee eee teen eee ee teen eee enntes 2t ® 
Notes: . 


1. All times which entail loading, starting, or stopping the Timer are referenced from the end of the last machine cycle of the OUT or OUTS instruction. 
2. All times which entail reading the Timer are referenced from the end of the last machine cycle of the IN or INS instruction. 


3. All times which entail the generation of an interrupt request are referenced from the start of the machine cycle in which the appropriate interrupt request latch is set. 
Additional time may elapse if the interrupt request occurs during a privileged or multicycle instruction. 


4. Error may be cumulative if operation is repetitively performed. 


AC TIMING DIAGRAM 


to(ex) 





External Clock 


~ TEX(L) 


aioe Reh 


Internal & Clock 


Input capacitance; 1/O, RESET, EXT INT, 


1/O Port Output 


STROBE 





RESET 


tRH 






ICP BIT 2 = 0 
EXT INT 


ICP BIT2 = 1 


Note: All AC measurements are referenced to Vit max., Vi min., Vo, (-8v), or Voy (2.0v). 
Figure 17 
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INPUT/OUTPUT AC TIMING 


CYCLE TIMING 





INTERNAL DEPENDS ON INSTRUCTION 
WRITE . 
CLOCK 
{NOR 
* CYCLE TIMING INS PORT ADDR. PORT DATA NEXT 
SHOWN FOR OP CODE PLACED ON DRIVEN ON TO OP CODE 
een FETCHED DATA BUS DATA BUS FETCHED 


PORT PINS p—$-}— 


A. INPUT ON PORT 4OR 5 


CYCLE TIMING 


INTERNAL DEPENDS ON INSTRUCTION 
WRITE ‘ 
CLOCK 3uS* 3uS 


OUT OR 


OUTS PORT ADDR. ACCUMULATOR NEXT 
OP CODE ON DATA CONTENTS OP CODE 





FETCHED BUS ON DANE E?S FETCHED 


PORT PINS * 


STROBE tao STAYS LOW 
(ACTIVE FOR PORT 4 ONLY) | FOR TWO WRITE 


CYCLES 


1/0-S 
B. OUTPUT ON PORT 40R 5 


INTERNAL 
WRITE 
CLOCK 














NEXT 
OP CODE 
FETCHED 








NEXT 
OP CODE 
FETCHED 











INS 0, 1 
FETCHED 


| OUTS 0,1 | ACC DATA 
FETCHED | ON BUS 





PORT PINS PORT PINS 





C. INPUT ON PORT 0 OR 1 D. OUTPUT ON PORT 0, 1 


Figure 18 
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BV, Ta = 28°C) 


STROBE SOURCE CAPABILITY 
Figure 19 


(TYPICAL AT Vcc 


STROBE SINK CAPABILITY 
= BV, Tp = 25°C) 


(TYPICAL AT Vcc 
Figure 20 


= 25°C) 


5V, Ta 


STANDARD I/0 PORT SOURCE CAPABILITY 


(TYPICAL AT Vcc 


Figure 21 


BV, Ta = 25°C) 


DIRECT DRIVE I/O PORT SOURCE CAPABILITY 


(TYPICAL ATV 
Figure 22 oe 
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1/0 PORT SINK CAPABILITY 


BV, Ta = 25°C) 


(TYPICAL AT Vcc 


Figure 23 


MAXIMUM OPERATING TEMPERATURE VS. 
170 POWER DISSIPATION 


Figure 24 
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PHYSICAL DIMENSIONS 





_ 


i ame 


160% .010 


a 
on 
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NOTE: Overed tength includes .006 flash on either end of pechage 











40-Pin Dual-in-Line Plastic Package (N) 


SYMBOLIZATION AREA FOR 
" IDENTIFICATION OF PIN 1 
626 
2.000 oo ee +.026 
.05 
Jt 


adie 3.001 ze ie 
06 TYP. 19 EQUAL SPACE @100 = 1.900 


40-Pin Dual-in-Line Ceramic Package (P) 





a 660 + 025 oe 
a 
.010 + 002 
|__ souat paces nt 


QUALS 1.900 (T.N. 


40-Pin Dual-in-Line Cerdip Package (J) 
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ORDERING INFORMATION 


There are two types of part numbers for the 3870 family 
of devices. Th2 generic part number describes the basic 
device type, the amount of ROM and executable RAM, 
the desired package type, temperature range and power 


GENERIC PART NUMBER 


An example of the generic part number is shown below. 


MK3875/ 22P-10 
be. Power Supply Tolerance 
, Operating Temperature Range 
Package type 
Executable RAM Designator 


ROM Designator 
Basic Device Type 


DEVICE ORDER NUMBER 


An example of the device order number is shown below. 


MK 19000 N- 05 


_— Supply Tolerance 


Operating Temperature Range 


Package Types 


Customer/Code Specific Number 


The customer/code specific number defines the ROM bit 
pattern, |/O configuration, oscillator type, and generic part 
type to be used to satisfy the requirement of a particular 
customer purchase order. For further information on the 
_ ordering of mask ROM devices, the customer should refer to 
the 3870 Family Technical Manual. 


These specifications are subjet to change without notice. 
Please inquire with our sales offices about the availability of the different products. 


Printed in France 
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supply tolerance. For each customer specific code, 
additional information defining |/O options and oscillator 
options will be combined with the information described 
in the generic part number to define a customer/code 
specific device order number. 


0=5V+10% 

5 =5V+5% 

0 =O°C - +70°C 
= -40°C - +85°C 

P = Ceramic 

N = Plastic 

2 = 64 Bytes 

2 = 2K Bytes 

4 = 4K Bytes 

O = +5V + 10% 

5=+5V+5% 

0 = 0°C - +70°C 

1 = -40°C - +85°C 

P = Ceramic 

N = Plastic 


Raf NGMK 2A75P75 








16-bit microcomputers 





Function 


HIGH 
PERFOR- 
MANCE 
MCUs 


HIGH 
PERFOR- 
MANCE 
MCUs WITH 
MODULAL 
ARCHI- 
TECTURE 


Part 
number 


MK68200 


16-BIT MICROCOMPUTERS SELECTION GUIDE 


Characteristic 


MCU designed to serve the needs of a 

wide variety of control applications, 

which require high performance 

operation with a minimal parts count 

implementation as industrial controls, 

instrumentation, intelligent computer 

peripheral control. 

e 40 parallel !/O 

e Serial channel, double-buffered receive 
and transmit 

e Advanced 16-bit instruction set 

e 6 MHz instruction clock 

e Three 16-bit timers 

e 16 independant vectored interrupt 

e 8 external interrupts 

e Crystal or external TTL time base 


MK68HC200 Series of new high-performance, 16-bit, 





single-chip microcomputers implemented 

in 1.5 micron HCMOS technology. The 

MK68HC200 can be used to design a 

true application specific microcontroller. 

e 40 parallel 1/0 on first version 

e Serial channel, double-buffered receive 
and transmit 

e Advanced 16-bit instruction set 

e 10 MHz instruction clock 

e Three 16-bit timers 

e 16 independant vectored interrupt on 
first version 

e 8 external interrupts 

e Crystal or external TTL time base 

e Power saving stop and idle modes 
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e RAM: 256 bytes 

e ROM: O or 4 Kbytes 

e Emulator version 
available with added 
private bus 


e RAM: 256 bytes 

e ROM: 0 or 4 Kbytes 

e Emulator version 
available with added 
private bus 


Package 





DIL48 


LCCC84 


> 


PLCC52 


LCCC84 





Page 
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MK68200 FAMILY 


-16-BIT SINGLE CHIP MICROCOMPUTERS 
MK68201/68E201/68211/68E211/68E221 





16-bit, high performance, single-chip microcomputer 
e 14 address and data registers 
— Eight 16-bit or sixteen 8-bit data registers 
— Six 16-bit address registers 
e Advanced 16-bit instruction set 
— Bit, byte, and word operands 
— Nine addressing modes 
— Byte and word BCD arithmetic 


@ High performance (6 MHz instruction clock) 
— 500 ns register-to-register move or add 
— 3.5 us 16 x 16 multiply 
— 40 ys 32/16 divide 


e@ Available with 0, 4K (2K x 16) of ROM 
@ 256 (128 x 16) or 512 (256 x 16) byte RAM 
e Up to 1K byte RAM on MK68E221 
@ Three 16-bit timers 
— Interval modes 
— Event modes 
— One-shot modes 
— Pulse and period measurement modes 
— Two input and two output pins 
e Serial channel 
— Double-buffered receive and transmit 
— Asynchronous to 375 Kbps 
— Synchronous to 1.5 Mbps 
— Address wake-up recognition and generation 
— Internal/external baud rate generation 


e Parallel /O lige = 
— Up to 40 pins P1-10 P1-6/Xi2 
— Direction programmable by bit pent P1-5/XI1 
— One 16-bit or two 8-bit port(s) with handshaking P1-12 P1-4/XI0 
® Interrupt controller ibe sabe 
— 16 independent vectors fae apse 
— Eight external interrupt sources Biscee | eas 
— One non-maskable interrupt ery rrr 
— Individual interrupt masking P4-10/STAL RESET 
e Optional external bus rants MK68200 rie 
— 16-bit, multiplexed address/data bus gee aden 
— Automatic bus request/grant arbitration | as seats 
— Two control bus versions: | aies | “ 
e 68000-compatible bus (UPC) P0-15 PO-1 
e General Purpose Bus (GP) P0-14 | a Po-2 
© 8 and 12 MHz time base versions produce 4 and 6 cle uid 
MHz instruction clock rates, respectively. aie | oan 
— Crystal or external TTL clock ae 
® Single +5 volt power supply P0-9 PO-7 


GND PO-8 


© DIP, chip carrier or pin-grid packaging 
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FUNCTIONAL DESCRIPTION 


MK68200 designates a series of new, high-performance, 
16-bit, single-chip microcomputers from Thomson - 
Mostek. Implemented in Scaled Poly-5 NMOS, they in- 
corporate an architecture designed for superior perfor- 
mance in computation-intensive control applications. A 
modern, comprehensive instruction set (which features 
both high speed execution and code space efficiency) 
is combined on-chip with extensive, flexible 1/0 capa- 
bilities. On-chip RAM and optional on-chip ROM are 
provided within a full 64K byte addressing space. 


The MK68200 is designed to serve the needs of a wide 
variety of contro! applications, which require high per- 
formance operation with a minimal parts count imple- 
mentation. Industrial controls, instrumentation, and 
intelligent computer peripheral controls are all examples 
of applications served by the MK68200. High speed 
mathematical ability, rapid I/O addressing and interrupt 
response, and powerful bit manipulation instructions 
provide the .ecessary tools for these applications. In 
addition to its single-chip microcomputer configuration, 
both distributed intelligence and parallel multipro- 
cessing system configurations are supported by the 
MK68200, as illustrated in Figures 10 and 11. 


In applications requiring loosely-coupled distributed 
intelligence, several MK68200’s may be interconnect- 
ed on a common serial network. The on-chip USART 
supports a wake-up mode in which an additional bit is 
appended to the data stream to distinguish a serial data 
word as address or data. The wake-up logic prevents 
the serial channel from generating interrupts unless cer- 
tain criteria have been met. The wake-up options avail- 
able are: Wake-up on any address or data character, 
wake-up on any address, or wake-up on address match. 


Alternately, the MK68200 may be configured as an 
expandable CPU device which can access external 
memory and I/O resources. In this operating mode, 
parallel I/O pins are replaced by multiplexed address/ 
' data and control lines. Bus arbitration logic is incorpor- 
ated on the chip to support a direct interface in parallel 
shared bus multiprocessor system configurations. Two 
versions exist which support two types of control sig- 
nals present on the expanded bus configuration. The 
General Purpose (GP) bus option allows the MK68200 
to operate either as an executive or a peripheral proces- 
sor. As an executive procesor, the MK68200 can control 


an external system bus and grant the use of it to 
requesting devices, such as DMA controllers and/or per- 
ipheral processors. As a peripheral control processor, 
the MK68200 can provide intelligent local control of an 
I/O device in a computer system and, thereby, relieve 
the executive processor of these tasks. In this configu- 
ration, the MK68200 has the capability of effectively per- 


forming DMA transfers between system memory and 


the I/O device. The on-chip resources of ROM, RAM, 
and I/O are accessed within the MK68200 without af- 
fecting utilization of the shared system bus. Therefore, 
only external communications compete for bus 
bandwidth. 


The Universal Peripheral Controller (UPC) bus option 
supports a direct interface to a 68000 executive proces- 
sor. Thus, the MK68200 can be used as a cost-effective, 
intelligent peripheral controller in 68000 systems. The 
UPC version's direct bus interface to the 68000 makes 
the MK68200 particularly well-suited for performing 
many intelligent I/O functions in a 68000 system. For 
example, since the MK68200 includes both a serial 
channel and an external bus capable of performing 
DMA transfers, it can be programmed to act as 
serial protocol controller with DMA capability, as shown 
in Figure 1. 


Table 1 summarizes the specific MK68200 device types 
that are discussed in this data sheet. A complete guide 
to the part numbering scheme used throughout this 
document may be found in the Ordering Information 
section. All MK68200 devices retain most of the I/O 
features when they are used in the expanded bus 
mode; however, 24 pins of parallel I/O are sacrificed 
when this mode is used. When the expanded bus mode 
is selected, the MK68201/XX generates UPC 
(68000-compatible) control signals, while the 
MK68211/XX generates GP control signals. Also avail- 
able are 84-pin emulator versions of these devices that 
do not have on-chip ROM, but instead have additional 
pins to support .a second complete address/data bus 
to access off-chip ROM, RAM, EPROM, or I/O devices. 
This bus is referred to as the private bus and is not 
bonded out on 48-pin versions. 


For additional information on the MK68200, refer to the 
MK68200 Principles of Operation Manual, publication 
number 4420399. 





Figure 1. Serial DMA Controller 
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MK68200 


MK68201/04 


MK68201/44 
MK68E201/04 
MK68211/04 
MK68211/44 
MK68E211/04 


MK68E221/0C UPC/GP 


48-pin DIP 

48-pin DIP 

84-pin LCC 

48-pin DIP, 52-pin PLCC 
48-pin DIP, 52-pin PLCC 
84-pin LCC 

84-pin LCC, PGA 





Table 1. Device Type Summary 


SINGLE-CHIP DESCRIPTION 


Figure 2 illustrates the functions of specific pins for an 
MK68201 or MK68211, operating in a single-chip mode. 
When the device is operating in one of the expanded 
bus modes, the pins on Port 0 become the multiplexed 
address/data bus, and the upper half of Port 1 becomes 
the control signals (GP or UPC) for the bus. The 
following description applies to the pins only when the 
device is used in the non-expanded or single-chip 
mode. Descriptions of the pin functions for the 
expanded bus modes are in the Expanded Bus Opera- 
tion section of this data sheet. 


Vec, GND 

(Power, Ground) 
Power Supply pins. 
(single +5 V) 


RESET 

Input, active low. RESET input overrides ongoing exe- 
cution (including interrupts) and resets the chip to its 
initial power-up condition. RESET cannot be masked. 





CLKOUT 

(Clock Output) 

Output. CLKOUT will output the instruction clock rate, 
which is one-half of the frequency provided on CLK1 
and CLK2. 


CLK1, CLK2 

(Time base Inputs) 

Inputs. CLK1 and CLK2 may be connected to a crystal, 
or CLK1 may be connected to an external TTL- 
compatible oscillator while CLK2 is left floating. The 
instruction clock rate is one-half of the frequency 
provided on CLK1 and CLk2. 


NMI 

(Non-Maskable Interrupt) 

Input, active low, negative edge triggered. The NMI 
request line has a higher priority than all of the mask- 
able interrupts. NMI is always enabled regardless of the 
state of the L1E (Level 1 Interrupt Enable) bit in the Sta- 
tus Register. 
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MODE 
Input. The MODE pin is used to configure the MK68200 
on power-up and reset to one of the following states: 


Mode Pin 
Voc - No expansion (single chip mode) 
GND __ - Partial Expansion 

CLKOUT - Full Expansion 

PO-0 - PO-15 

(Port 0) 


Input/Output. Each bit in Port 0 may be individually 
programmed for general purpose input or output. Port 
0 also has several handshaking modes to allow parallel, 
asynchronous communication with other devices. The 
high and low bytes may be programmed individually or 
jointly to be inputs, outputs, or bidirectional. 


P1-0 - P1-15 

(Port 1) 

Input/Output. Each of the 16 bits in Port 1 may be indi- 
vidually programmed for input or output. Additionally, 
the lowest seven bits of Port 1 may be programmed to 
serve specific alternate functions, as listed below. 


P1-6/XI2 

(External Interrupt 2) 

Input, rising or falling edge triggered. The programmer 
may select the rising or falling edge as active for X12. 


P1-5/XI1 

(External Interrupt 1) 

Input, fixed falling edge triggered. The xi interrupt may 
be used to interrupt the MK68200 on the lalling edge 
of an input pulse. 


P1-4/XI0 

(External Interrupt 0) 

Input, low level triggered. The XI0 interrupt input is level- 
triggered (unlike XI1, X12). It may be used to produce 
an internally vectored interrupt or to cause an external 
fetch of an interrupt vector number when the MK68200 
is used in an expanded mode with the GP bus. 


P1-3/S| 

(Serial Input) 

Input, active high. SI is used to input receive serial data 
when the receiver is enabled. 








MK68200 


PORT 
f¢] 


MK68200 
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GND 


RESET 
CLKOUT 
CLK1 
CLK2 
NMI 
MODE 
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PORT 
1 
xI2 
xi1 EXTERNAL 
INTERRUPTS 
xlo0 
St 
RCLK 
TCLK SERIAL 
so 
TAO 
TBO 
TAI TIMERS 
TBI ‘PORT 
4 
STRH 
STAL } PORT 0 
RDYH HANDSHAKE 
RDYL 


Figure 2. MK68200 Logical Pinout, Single-Chip Mode 


P1-2/RCLK 

(Receive Clock) 

Input/Output, active high. Depending on the mode 
programmed, RCLK can be used by the serial port as 
either an input or an output pin. When used as an in- 
put pin, RCLK provides the receive clock and/or the 
transmit clock. When RCLK is not providing the trans- 
mit or receive clock, it can be used as an output for 
Timer C. In this mode, the receive clock is being provid- 
ed by Timer C. 


P1-1/TCLK 

(Transmit-Clock) 

Input/Output, active high. Depending on the mode 
programmed, TCLK can be used by the serial port as 
either an input or an output pin. When used as an in- 
put pin, TCLK provides the transmit clock. When TCLK 
is not providing the transmit clock, it can be used as 
an output for Timer C. In this mode, the transmit clock 
is being provided by either Timer C or RCLK. 


P1-1/SO 

(Serial Output) 

Output, active high. SO is used to output transmit seri- 
al data when the transmitter is enabled. 


P4-8 - P4-15 

(Port 4) 

Inputs and Outputs. P4-8, P4-9, P4-14, and P4-15 may 
be used as general purpose outputs, and P4-10, P4-11, 
P4-12, and P4-13 may be used as general purpose in- 
puts. Interrupts may be generated on the positive tran- 
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sitions on P4-10 and P4-11. Depending on the mode 
selected, interrupts may be generated on the positive 
or negative transitions on P4-12, or they may be gener- 
ated on the positive, negative, or combined transitions 
on P4-13. Additionally, these bits may be programmed 
to serve specific alternate functions, as listed below. 


P4-15/TAO 

(Timer A Output) 

Output. TAO may be programmed for special functions 
in the interval, event, and pulse modes for Timer A. In 
the interval mode, TAO’s state is determined by the 
Timer A latch (high or low) that is currently active. That 
is, if the counter is using the high latch for comparison, 
TAO is high. If the counter is using the low latch for com- 
parison, TAO is low. In the event mode, TAO is initial- 
ized to a “1” state and toggles each time the counter 
matches the Timer A high latch. In the pulse/period 
modes, TAO is initiated to a “1” state and toggles on 
positive transitions on TAI. 


P4-14/TBO 

(Timer B Ouput) 

Output. TBO may be programmed for special functions 
in the interval and one-shot modes for Timer B. In the 
interval mode, TBO is initialized to a “1” state and tog- 
gles each time the counter matches the Timer B latch 
value. In the one-shot modes, TBO is initialized to a ‘1” 
state, and the counter begins counting in response to 
the occurrence of an active edge on TBI. TBO will not 
go low until the counter matches the value loaded into 
the Timer B latch. 
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P4-13/TAI 

(Timer A Input) 

Input, positive and/or negative edge triggered. TAI may 
be programmed for special functions in the event mode 
or pulse/period modes for Timer A. In the event mode, 
the counter is incremented on each active transition 
(positive or negative edge programmable) on TAI. In the 
pulse/period modes, the counter measures the time dur- 
ing which the signal on TAI remains high and low. 


P4-12/TBI 

(Timer B Input) 

Input, positive or negative edge triggered. TBI may be 
programmed for special functions for the Timer B one- 
shot modes. In the one-shot modes, TBI acts as a trig- 
ger input. 


P4-11/STRH, P4-10/STRL 

(Strobe High Byte, Strobe Low Byte) 

Input, active high. STRH and STRL are both used for 
input, output, and bidirectional handshaking on Port 0. 
1) Output mode: The positive edge of this strobe 
is issued by the peripheral to acknowledge the 
receipt of data made available by the MK68200. 
2) Input mode: The strobe is issued by the peripheral 
to load data from the peripheral into the Port 0 in- 
put register. Data is latched into the MK68200 on 
the negative edge of this signal. 


3) Bidirectional mode: When the STRH signal is 
active, data from the Port 0 output register is gated 


onto the Port 0 bidirectional data bus. 


— 


The negative edge of STRH acknowledges the receipt 
of the output data. The negative edge of the signal ap- 
plied to the STRL signal is used to latch input data into 
Port 0. 


P4-9/RDYH, P4-8/RDYL 

(Ready High Byte, Ready Low Byte) 

Output, active high. RDYH and RHYL are used for in- 
put, output, and bidirectional handshaking on Port 0. 


1) Output mode: The ready signal goes active to indi- 
cate that the Port 0 output register has been load- 
ed, and the peripheral data is stable and ready for 
transfer to the peripheral device. 

2) Input mode: The ready signal is active when the 

Port 0 input register is empty and is ready to accept 

data from the peripheral device. 

3) Bidirectional mode: The RDYH signal is active when 

data is available in Port 0 output register for trans- 

fer to the peripheral device. In this mode, data is 
not placed on the Port 0 data bus unless STRH is 

active. The RDYL signal is active when the Port 0 

input register is empty and is ready to accept data 

from the peripheral device. 
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PROCESSOR ARCHITECTURE 


The MK68200 microcomputer contains an advanced 
processor architecture, combining the best properties 
of both 8- and 16-bit processors. A large majority 
of instructions operate on either byte or word operands. 


REGISTERS 


The MK68200 register set includes three system 
registers, six address registers, and eight data registers. 
The three 16-bit system registers (Figure 3) include a 
Program Counter, a Status Register, and a Stack 
Pointer. The six address registers may be used 
either for 16-bit data or for memory addressing. The 
eight 16-bit data registers are used for data and may 
be referenced as sixteen 8-bit registers, providing great 
flexibility in register allocation. 


ADDRESSING 


The MK68200 directly addresses a 64K byte memory 
space, which is organized as 32K 16-bit words. The 
memory is byte-addressable, but most transfers occur 
16 bits at a time, for increased performance over 8-bit 
microcomputers. All input/output is memory-mapped, 
and the on-chip I/O is situated in the top 1K bytes of 
the address space. In the single-chip mode, all 
resources including ROM, RAM, and I/O, are accessed 
via an internal or private bus. The memory map, which 
is accessed by this bus in the single-chip mode, is 
depicted in Figure 4. Note on-chip RAM always begins 
at $FBFF and extends downward. ROM always begins 
at zero and extends upward. 


Nine addressing modes provide ease of access to data 
in the MK68200, as depicted in Table 2. The four register 
indirect forms utilize the address registers and the Stack 
Pointer and support many common data structures such 
as arrays, stacks, queues, and linked lists. I/O Port 
addressing is a short form addressing mode for the first 
16 words of the I/O port space and allows most instruc- 
tions to access the most often referenced |/O ports in 
just one word. Many microcomputer applications are 
I/O intensive and short, fast addressing of I/O has a 
significant impact on performance. 


Register 

Register Indirect 

Register Indirect with Post-increment 
Register Indirect with Pre-decrement 


Register Indirect with Displacement 
Program Counter Relative 

Memory Abso’ ite 

Immediate 

I/O Port 





Table 2. Addressing Modes 
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Figure 3. Register Set 
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ADDRESS 
$FFFF 


$FC28 
$FC27 
$FCO0 
$FBFF 


$F800 


$2000 
S$iFFF 


$0020 
$0000 





CONTENTS 


FUTURE 1/0.EXPANSION AREA 
(RESERVED) 


PORT 0 THROUGH PORT 19 


ON-CHIP RAM (UP TO 1024 BYTES) 


FUTURE RAM AND 
ROM EXPANSION 


ON-CHIP ROM 
(UP TO 8192 BYTES) 


INTERRUPT 
VECTORS 


Figure 4. Addressing Space For Single-Chip Configuration 


INSTRUCTION SET 


The MK68200 instruction set has been designed with 
regularity and ease of programming in mind. In addi- 
tion, instructions have been encoded to minimize code 
space, a feature which is especially important in single. 
chip microcomputers. Small code space is related to 
execution speed, and most instructions execute in either 
three or six instruction clock periods. (An instruction 
clock period is equal to 167 ns with a 6 MHz instruction 
clock). See Table 3. 










Instruction Type 







Move Memory-to-register 


Add Register-to-register (binary or BCD) 


Add Register-to-memory 
Muliply (16 x 16) 
Divide (Bart) as 


Move Multiple (save or restore all registers) oe | ee 


In addition to operations on bytes and words, the’ 
MK68200 has rapid bit manipulation instructions that 
can operate on registers, memory, and ports. The bit 
to be affected may be an immediate operand of the in- 
struction, or it may be dynamically specified in a 
register. Operations available include bit set, clear, test, 
change, and exchange; and all bit operations perform 
a bit test as well. Since each instruction is indivisible, 
this provides the necessary test-and-set function for the 
implementation of semaphores. 


Execution Time 
with 6 MHz 
Clock (us) 












Clock 
Periods 











Table 3. Instruction Execution Times 
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INSTRUC- 
TION 


ADD 
ADD.B 
ADDC 
ADDC.B 
AND 
AND.B 
ASL 
ASL.B 
ASR 
ASR.B 
BCHG 
BCLR 
BEXG 
BSET 
BIST 
CALLA 
CALLR 
CLR 
CLR.B 
CMP 
CMP.B 
DADD 
DADD.B 
DADDC 
DADDC.B 
DI 
DIVU 
DJNZ 


DJNZ.B 


DNEG 
DNEG.B 
DNEGC 
DNEGC.B 


DSUB 
DSUB.B 
DSUBC 
DSUBC.B 


El 
EOR 
EOR.B 
EXG 
EXG.B 
EXT 





MK68200 


The MOVE group of instructions has the most exten- 
sive capabilities. A wide variety of addressing mode 
combinations is supported including memory-to- 
memory transfers. A special move multiple is included 
to save and restore a specified portion of the registers 
rapidly. 





In total, the MK68200 instruction set provides a 
programming environment, similar to the 68000, which 
has been optimized for the needs of the single-chip 
microcomputer marketplace. A summary of the instruc- 
tion set is provided in Table 4. 


. INSTRUC- 
DESCRIPTION TION DESCRIPTION 















































ADD 

ADD BYTE 
ADD WITH CARRY 

ADD WITH CARRY BYTE 

LOGICAL AND 

LOGICAL AND BYTE 

ARITHMETIC SHIFT LEFT 
ARITHMETIC SHIFT LEFT BYTE 
ARITHMETIC SHIFT RIGHT 
ARITHMETIC SHIFT RIGHT BYTE 
BIT CHANGE 

BIT CLEAR 

BIT EXCHANGE 

BIT SET 

BIT TEST 

CALL ABSOLUTE 

CALL RELATIVE 

CLEAR 

CLEAR BYTE 

COMPARE 

COMPARE BYTE 

DECIMAL ADD 

DECIMAL ADD BYTE 

DECIMAL ADD WITH CARRY 
DECIMAL ADD WITH CARRY BYTE 
DISABLE INTERRUPTS 

DIVIDE UNSIGNED 

DECREMENT COUNT AND JUMP 
IF NON-ZERO 

DECREMENT COUNT BYTE AND 
JUMP IF NON-ZERO 

DECIMAL NEGATE 

DECIMAL NEGATE BYTE 
-DECIMAL NEGATE WITH CARRY 
DECIMAL NEGATE WITH CARRY 
BYTE 

DECIMAL SUBTRACT 

DECIMAL SUBRTRACT BYTE 
DECIMAL SUBTRACT WITH CARRY 
DECIMAL SUBTRACT WITH CARRY 
BYTE 

ENABLE INTERRUPTS 

EXCLUSIVE OR 

EXCLUSIVE OR BYTE 

EXCHANGE 

EXCHANGE BYTE 

EXTEND SIGN 



































HALT 
JMPA 
JMPR 
LIBA 
LIWA 
LSR 
LSR.B 
MOVE 
MOVE.B 
MOVEM 



































MULS 
MULU 
NEG 
NEG.B 
NEGC 
NEGC.B 
NOP 
NOT 
NOT.B 
OR 
OR.B 
POP 
POPM 
PUSH 
PUSHM 
RET 
RETI 
ROL 
ROL.B 
ROLC 
ROLC.B 








ROR 
ROR.B 
RORC 
RORC.B 









SUB 
SUB.B 
SUBC 
SUBC.B 
TEST 
TEST.B 
TESTN 
TESTN.B 


MOVEM.B 


HALT 
JUMP ABSOLUTE 

JUMP RELATIVE 

LOAD INDEXED BYTE ADDRESS 
LOAD INDEXED WORD ADDRESSED 
LOGICAL SHIFT RIGHT 

LOGICAL SHIFT RIGHT BYTE 
MOVE 

MOVE BYTE 

MOVE MULTIPLE REGISTERS 
MOVE MULTIPLE REGISTERS BYTE 
MULTIPLY SIGNED 

MULTIPLY UNSIGNED 

NEGATE 

NEGATE BYTE 

NEGATE WITH CARRY 

NEGATE WITH CARRY BYTE 

NO OPERATION 

ONE’S COMPLEMENT 

ONE’S COMPLEMENT BYTE 
LOGICAL OR 

LOGICAL OR BYTE 

POP 

POP MULTIPLE REGISTERS 
PUSH 

PUSH MULTIPLE REGISTERS 
RETURN FROM SUBROUTINE 
RETURN FROM INTERRUPT 
ROTATE LEFT 

ROTATE LEFT BYTE 

ROTATE LEFT THROUGH CARRY 
ROTATE LEFT THROUGH CARRY 
BYTE 

ROTATE BYTE 

ROTATE RIGHT BYTE 

ROTATE RIGHT THROUGH CARRY 
ROTATE RIGHT THROUGH CARRY 
BYTE 

SUBTRACT 

SUBTRACT BYTE 

SUBTRACT WITH CARRY 
SUBTRACT WITH CARRY BYTE 
TEST 
TEST BYTE 
TEST NOT 
TEST NOT BYTE 














































Table 4. Instruction Set Summary 
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INPUT/OUTPUT ARCHITECTURE 


The I/O capabilities of the MK68200 are extensive, en- 
compassing timers, a serial channel, parallel I/O, and 
an interrupt controller. All of these devices are acces- 
sible to the programmer as ports within the top 1K bytes 
of the address space, and the most commonly ac- 
cessed ports may be accessed with the short port 
addressing mode. A description of these ports is given 
in Table 5. 





In total, 40 pins of the 48 are used for I/O, and their 
functions are highly programmable by the user. In par- 
ticular, many pins can perform multiple functions, and 
the programmer selects which ones are to be used. For 
example, TAI may be used as an input for Timer A, an 
interrupt source, or a general purpose input pin. The 
interrupt source may be selected simultaneously with 
either of the other functions. 


BYTE- 
PORT ADDRESS READ/WRITE ADDRESSABLE FUNCTION 
0  $FC00 READ/WRITE YES 16 EXTERNAL I/O PINS OR ADDRESS/DATA BUS 
1 $FCo2 READ/WRITE YES 16 EXTERNAL I/O PINS (INCLUDING INTERRUPT, 
SERIAL 1/O PINS, AND BUS CONTROL) 
2  $FC04 a = (RESERVED) 
3  $FCO6 LOW BYTE: READ/WRITE YES SERIAL TRANSMIT (LOW BYTE) AND 
HIGH BYTE: READ RECEIVE (HIGH BYTE) BUFFER 
4  $FC08 INPUTS: READ ONLY NO 8 EXTERNAL I/O PINS (TIMER CONTROL 
OUTPUTS: READ/WRITE AND PORT 0 HANDSHAKE CONTROL) 
5  $FCOA a a (RESERVED) 
6  $FCOC = os (RESERVED) 
7 $FCOE READ/WRITE NO INTERRUPT LATCH REGISTER 
8  $FC10 READ/WRITE NO INTERRUPT MASK REGISTER 
9 $FC12 STATUS: READ ONLY NO SERIAL I/O RECEIVE CONTROL AND STATUS 
CONTROL: READ/WRITE 
10 $FC14 STATUS: READ ONLY NO SERIAL /O TRANSMIT CONTROL AND STATUS 
CONTROL: READ/WRITE 
11 $FC16 READ GETS COUNTER NO TIMER B LATCH 
WRITE GOES TO LATCH 
12 $FCI8 READ GETS COUNTER 
OR LATCH NO TIMER A, LOW LATCH 
WRITE GOES TO LATCH 
13. $FCIA READ GETS COUNTER 
OR LATCH NO TIMER A, HIGH LATCH 
WRITE GOES TO LATCH 
14. $FCIC READ/WRITE NO TIMER CONTROL, INTERRUPT EDGE SELECT 
15 $FCIE READ/WRITE NO PORT 0 HANDSHAKE MODE BITS, FAST/ 
STANDARD, BUS LOCK, BUS SEGMENT BITS 
16  $FC20 READ/WRITE NO PORT 0 DIRECTION CONTROL (DDRO) 
17 $FC22 READ/WRITE NO PORT 1 DIRECTION CONTROL (DDR?) 
18 $FC24 READ/WRITE NO SERIAL I/O MODE AND SYNC REGISTER 
19 $FC26 READ GETS COUNTER NO TIMER C LATCH 


WRITE GOES TO LATCH 
AND COUNTER 


Table 5. Port Descriptions 
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TIMERS 


The MK68200 includes three on-chip timers, each with 
unique features. They are denoted Timer A, Timer B, 
and Timer C. All three timers are a full 16 bits in width, 
and count at the instruction clock rate of the MK68200 
processor. Thus, this rate provides a resolution equal 
to the instruction clock period (tc) of the MK68200. 
The maximum count interval is equal to tc «216. Fora 
6 MHz MK68200, a 167 nanosecond clock is provided 
with a maximum count interval of 10.945 milliseconds. 
Each timer has the capability to interrupt the proces- 
sor when it matches a predetermined value stored in 
an associated latch. 


Timer A is capable of operating in interval, event, or two 
pulse/period modes. There is one 16-bit counter and 
two 16-bit latches (high and low) associated with Timer 
A. Once Timer A is initialized in the interval mode, the 
counter is rest, then increments at the instruction clock 
rate until the value loaded into the high latch is reached. 
The counter is then reset, increments until the low latch 
value is reached, and the cycle is repeated. In the event 
mode, the counter is incremented for every active edge 
on TAI (programmable as positive or negative) until the 
value in the high latch is reached. The counter is then 
reset, and the cycle repeats. In the pulse/period modes, 
the times are measured during which the pulse applied 
stays high and low. The counter is reset on the occur- 
rence of any transition on TAI, and increments at the 
instruction clock rate until the occurrence of the next 
transition. The value in the counter at the end of the 
high level or low level time is loaded into the appropri- 
ate latch. Interrupts may be generated each time the 












Modes 

















A interval 
A Event 
A 

B Interval 
B 

B 

C 


counter reaches the high latch or low latch value in the 
interval mode or when the counter reaches the high 
latch in the event mode. Also, an interrupt is generated 
whenever the counter overflows. See the Pin Descrip- 
tion section of this data sheet for TAl and TAO functions 
in the various Timer.A modes. 


Timer B is capable of operating in interval and one-shot 


modes. There is one 16-bit counter and one 16-bit latch 


~ associated with Timer B. In the interval mode, the coun- 


Pulse Width and Period Measurement 


Retriggerable One-shot 
Non-retriggerable One-shot 


Interval 
C Baud Rate Generation 


ter is initially reset and incremented at the instruction 
clock rate until the value in the latch is reached. The 
counter is then reset, and the cycle repeats. In the one- 
shot modes, the counter begins incrementing in 
response to an active transition (programmable as posi- 
tive or negative) on TBI. The counter is reset when the 
value in the Timer B latch is reached. In the 
retriggerable one-shot mode, active transitions on TBI 
always cause the counter to reset and begin increment- 
ing. In the non-retriggerable one-shot mode, active tran- 
sitions on TBI have no effect until the counter reaches 
the latch value. Interrupts may be generated each time 
the counter reaches the latch value. See the Pin 
Description section of this data sheet for TBI and TBO 
functions in the various Timer B modes. 


Timer C has a 16-bit down counter and latch associated 
with it and operates only in the interval mode. The out- 
put of Timer C toggles each time the counter value rolls 
over from 0 to the latch value and may be used to in- 
ternally supply the baud rate clock for the serial port. 
Also, an interrupt may be generated each time the coun. 
ter rolls over to the latch value. Timer C may be output 
on the TCLK pin (P1-3), depending on the mode 
programmed. 






Table 6. Timer Modes 
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SERIAL CHANNEL 


The serial channel on the MK68200 (Figure 5) is a full- 
duplex USART with double buffering on both transmit 
and receive. Word length, parity, stop bits, and modes 


P18 
(8:16) 


MODE REGISTER 
SYNC/ADDRESS REGISTER 





P18 
(0:7) 






are fully programmable. The asynchronous mode sup- 
ports bit rates up to 375 Kbps, and the byte synchronous 
mode operates up to 1.5 Mbps. Either internal or exter- 
nal clocks may be used. 







RECEIVE CONTROL & 
STATUS REGISTER 


RECEIVE SHIFT 
REGISTER 
RECEIVE BUFFER 


P9 








PH3 






PL3 


TRANSMIT BUFFER 
TRANSMIT SHIFT 
REGISTER 

TRANSMIT CONTROL & 
STATUS REGISTER 


so 






P10 


INTERNAL DATA BUS 


Figure 5. Serial Channel 
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In addition to the typical USART functions, the serial 
channel can operate in a special wake-up mode with 
a wake-up bit appended to each data word, as illustrated 
in Figure 6. This wake-up bit is used to differentiate nor- 
mal data words and special address words. The receiver 
can be programmed to receive only address words or 





STARTt DATA 
LSB MSB 





only address words with a specific data value. In this 
way, the processor can be interrupted only when it 
receives its particular address and can then change 
mode to receive the following data words. Wake-up 
capability is especially useful when several MK68200 
microcomputers are interconnected on one serial link. 


WAKE-UP STOP} 
(OPTIONAL) 






PARITY 
(OPTIONAL) 





tUSED IN ASYNCHRONOUS MODE ONLY 


Figure 6. Serial Frame Format 


PARALLEL I/O 


Two 16-bit ports, PO and P1, may be used for parallel 
I/O. If individual bits are desired, each of the 32 bits may 
be separately defined as input or output. Bits may be 
grouped to provide the exact data widths desired. Port 
0 has the additional capability of operating under the 
contro! of external handshaking signals. Eight- or 
sixteen-bit sections of PO may be individually controlled 
as input, output, or bidirectional I/O. Two pairs of Ready 
and Strobe signals, which are available as program- 
mable options on Port 4, provide the necessary control. 





VECTOR NUMBER NAME 
0 RESET 


-_ 


NON-MASKABLE INTERRUPT 
SPARE 

EXTERNAL INTERRUPT 2 
STROBE LOW 

TIMER A OUTPUT 

TIMER A INPUT 

STROBE HIGH 

RECEIVE SPECIAL CONDITION 
RECEIVE NORMAL 
EXTERNAL INTERRUPT 1 
TIMER B OUTPUT 

TIMER B INPUT 

EXTERNAL INTERRUPT O 
TRANSMIT 


n~i mood wwvT FP © Oo NN @O@ GF & W DN 


TIMER C 


INTERRUPT CONTROLLER 


The MK68200 interrupt controller provides rapid service 
of up.to 15 interrupt sources, each with a unique inter- 
nal vector. The lowest 16 words of the address space 
contain the starting addresses of the service routines 
of each potential interrupt source and reset, as shown 
in Figure 7. 


interrupt sources and RESET are prioritized in the order 
shown in Figure 7, with RESET having the highest 
priority. NMI is the only non-maskable interrupt. All of 


Figure 7. Interrupt and Reset Vectors 
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RESET | 0000 

abi nods LEVEL 2 
SPARE 0004 

xt2 0006 

STRL 0008 

TAO OOOA 

TAI oooc 

STRH OOOE 

RSC 0010 LEVEL 1 
RN 0012 

xi1 0014 

TBO 0016 

TBI 0018 

xto 001A 

XMT 001C 

Tc OO1E 
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the other sources share an interrupt enable bit in the 
processor Status Register. This bit is automatically 
cleared whenever an interrupt is acknowledged. Also, 
each of these sources has a corresponding individual 
mask bit. This feature allows selective masking of par- 
ticular interrupts, including the ability to choose (with 
minimal software overhead) any priority scheme 
desired. In fact, 15 levels of nested priority may be 
programmed. 


EXPANDED BUS OPERATION 
When it is necessary to expand beyond the on-chip 


complement of RAM, ROM, or I/O, or when operation 
in a parallel multiprocessing system is desired, the 


15 ;1/0 
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Vcc 
GND 
RESET 
CLKOUT 
CLK1 
CLK2 
NMI 
MODE 








MK68200 may be placed in an external bus mode. The 
MODE pin is used to select the expansion capability 
on reset. The MODE pin has three states, which select 
fully expanded external bus, partially expanded exter- 
nal bus, or no expanded bus (single-chip configuration). 
The MK68200 may also be reconfigured dynamically 
through software. In an expansion mode, Port 0 
becomes the 16-bit multiplexed, address/data bus, and 
eight bits from Port 1 become control signals which 
handle data transfer and bus arbitration. Sixteen lines 
are still available for I/O functions, including eight lines 
from Port 1 and all eight lines of Port 4. 


As shown in Figure 8, two different control bus versions 
are available: a Universal Peripheral Controller (UPC), 

















UPC GP 
LDS LB 
UDS HB 
R/W RW 
BGACK DS CONTROL 
DIACK DTIACK sid 
AS AS 
BG BUSIN 
BR BUSOUT PORT 
4 
X12 
x EXTERNAL 
INTERRUPTS 
X10 
Ss! 
RCLK SERIAL 
TCLK 
SO 
TAO 
TBO 
TIMERS 
TAI 
TBI PORT 
= 4 


Figure 8. MK68200 Logical Pinout Expanded Bus 


14/72 


THOMSON SEMICONDUCTEURS 








UP 


ce) 


al ol Sl 





DTACK 
BGACK 
RIW 
UDS 





| 


a 


15/72 





MK68200 








GP 
BUSOUT 1 Voc 
BUSIN 2 P1-7 
AS 3 P1-6/XI2 
DTACK 4 P1-5/XI1 
DS 5 P1-4/X10 
RW 6 P1-3/SI 
HB 7 P1-2/RCLK 
iB 8 P1-1/TCLK 
P4-8 9 P1-0/SO 
P4-9 10 NMI 
P4-10 11 RESET 
P4-11/A/G 12 P4-12/TBI 
MODE 13 P4-13/TAI 
CLK2 14 P4-14/TBO 
CLK1 15 P4-15/TAO 
CLKOUT 16 ADO 
AD15 17 AD1 
AD14 18 AD2 
ADi3 19 AD3 
AD12 20 AD4 
AD11 21 ADS5 
AD10 22 AD6 
AD9 23 AD7 
GND 24 ADs 





Figure 9:. MK68200 Expanded Bus 
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BUS GRANT 
CPU 







OPTIONAL 
ROM 


TIMERS 
SERIAL 1/0 
16 PARALLEL 
1/0 LINES 


SYSTEM BUS 


which generates 68000-compatible signals, and a 
General Purpose (GP) bus, which can be used to inter- 
face to a wide variety of existing microprocessor buses. 
With the selection of an expanded bus mode, the 
MK68200 can act either as a general purpose CPU chip 
(bus grant device) or as an intelligent peripheral 1/O 
controller to a host CPU (bus request device). These 
two system configurations are illustrated in Figures 10 
and 11. 


With the GP bus option, the user may configure the 
MK68200 in either of the two ways shown in Figures 
10 and11. As a host CPU (Figure 10), the MK68200 bus 
arbitration logic causes the device to act as the system 
bus grantor. In other words, the MK68200 would nor- 
mally have control of the system bus and would grant 
its use to DMA devices or peripheral CPUs. Alternately. 
the MK68200 may be configured as a peripheral CPU 
(Figure 11) that must issue a request to the bus grant 
device before being allowed to use the system bus. The 
selection of one of these two configurations is 
accomplished by the P4-11 pin at reset time. During 
reset, P4-11 serves as the R/G input (O=bus grantor. 
1 = bus requestor). Following reset and at all times 
during program execution, P4-11 may be used as a 
general purpose input pin. 


With the GP bus operating in the host CPU configura- 
tion, the MK68200 may be used to interface with 
external memory and I/O devices in a manner that is 
analogous to any general purpose microprocessor. 
Additionally, the MK68200 retains its on-chip RAM and 
(0 resources, with on-chip ROM as an option. 









PERIPHERAL 
VO 
CONTROLLER 





Figure 10. Host CPU Hardware Configuration 


THOMSON SEMICONDUCTEURS 


3-19 








MK68200 


VO 


68000 


OR 
OTHER CPU 








OPTIONAL 
ROM 





SYSTEM BUS 







air OPTIONAL BUFFERS 
CONTROLLER 
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TIMERS 
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Figure 11. Peripheral !/O Controller Configuration 


depending on the expansion configuration selected. 
BUSIN and BUSOUT are used to perform the bus 
arbitration handshake function, where BUSIN acts as 
the bus request input and BUSOUT as the bus grant 
output. 








In the full expansion configuration, any on-chip ROM 


is disabled, and program memory starting at location 
$0000 is located off-chip and is addressed via the 
expanded bus, as shown in Figure 12. In effect, the 
internal bus from locations $0000-$FAFF is mapped 
onto the external bus. In the partially expanded config- 
uration (Figure 13), on-chip ROM may be accessed on 
the internal bus. To gain greater addressability in the 
partial expansion configuration, a scheme is 
implemented to allow access of a full 64K-byte address 
space in four segments on the expanded system bus 
through the 16K byte “window” on the internal bus. 
Basically, the most significant two bits of address on 
the expanded bus are replaced with two user-defined 
segment bits available to the programmer in an internal 
1/O control port location. 


As a peripheral I/O controller, the MK68200 operates 
as a bus requestor that gains mastership of the system 
bus from the bus grant CPU. The GP bus version may 
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be selected to implement this system configuration in 
cases where an interface to a general purpose CPU is 
desired. In this case, the BUSIN and BUSOUT lines are 
again used to perform the bus arbitration handshake 
function, where BUSOUT now acts as bus request out 
put, and BUSIN acts as bus grant input. In this con- 
figuration, the MK68200 can conceivably act as a com- 
plete peripheral I/O control subsystem on a single chip, 
with 16 lines of I/O and its on-chip ROM, RAM, timers, 
and serial I/O performing the necessary interface to 
the I/O device. The UPC bus version provides the 
peripheral I/O control function with a direct interface to 
a 68000 bus grant CPU. Note that the UPC bus ver- 
sion can operate only as a bus request device. Once 
the MK68200 has gained mastership of the system bus 
via the 68000 bus arbitration handshake lines (BR, BG, 
and BGACK), it may proceed to perform DMA transfers 
and communicate with system memory or other I/O 
devices in the system. 











As in the case of the GP bus grant configuration, the 
portion of the internal (or private) bus address space 
that is mapped onto the expanded bus when the part 
is operating as either a GP or a UPC bus request device 


is determined by the expansion configuration selected. 


In the partial expansion bus requestor case, the 








INTERNAL EXTERNAL SYSTEM 





SFFFF $FFFF 
$FCOO 

$FBOO 

$C000 7C000 
$8000 $8000 
$4000 $4000 

VECTORS 

$0000 $0000 


Figure 12. Full Expansion Bus Grantor Memory Map 
(256 byte RAM version shown) 
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resulting memory map is identical to that shown for the 
GP bus grant configuration in Figure 13. During the time 
the MK68200 is executing its programs from ROM and 
accessing internal RAM and I/O resources, the expand- 
ed bus is held in a tri-state condition. The bus arbitration 
logic within the MK68200 monitors each memory refer- 
ence to detect external bus addresses (referenced in 
segments via the 16K byte DMA window). Whenever 
such an external reference occurs, the logic automati- 
cally holds the processor in a wait state as it proceeds 
to obtain mastership of the bus. When use of the sys- 
tem bus is obtained, the processor is allowed to con- 
tinue the reference. This procedure is transparent to the 
programmer. In case of successive external references, 
the expanded bus is retained until an internal reference 
is encountered. 


Finally, if the on-chip resources are insufficient to per- 
form the control task in the bus requestor configuration, 
the internal bus address range (excluding on-chip RAM, 
I/O) may be mapped onto an external local bus, which 
is physically the same as the system bus but logically 
separated with bus buffers. This is the full expansion 
bus requestor configuration. The memory map for this 
configuration is shown in Figure 14 The bus arbitration 
sequence is performed only when the system bus is 
referenced through the DMA window. In this manner, 
the I/O subsystem is isolated from the host CPU. 


When operating as a bus request device, it is possible 
to retain the external bus for an indefinite duration by 
using a bus lock feature. This will help facilitate the 
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transfer of large blocks of data. Thus, the on-chip bus 
arbitration logic allows (with a minimum of hardware and 
software overhead) a maximum of concurrent process- 
ing in parallel, multiprocessing configurations. The bus 
lock feature may be used by the MK68200 in a bus gran- 
tor mode to keep any peripheral from gaining master- 
ship of the bus. 


In arty of the GP expanded bus modes, the MK68200 
may respond to peripheral devices on the expanded 
bus which generate an interrupt request on XI0. The 
MK68200 will obtain the XI0 interrupt vector number 
from the requesting peripheral on the bus during an 
interrupt acknowledge cycle. When responding to an 
interrupt on XI0, the MK68200 will wait for the bus 
arbitration logic to gain control of the bus and then 
asserts neither HB nor LB while asserting AS to signify 
that an interrupt acknowledge cycle is in progress. 


Timing diagrams and design parameters for the read, 
write, and bus arbitration cycles are given in the AC 
Electrical Specifications section for both the GP and 
the UPC bus options. Bus timing for the interrupt 
acknowledge cycle is given for the GP device in the AC 
Electrical Specifications section. There is a user- 
programmable speed selection associated with the read 
and write cycles for both the UPC and GP mask option 
parts. A bit in an internal !/O port allows the user to 
select either the standard or the fast read/write cycle 
on the expanded bus. The standard bus cycle is four 
clock periods, while the fast bus cycle is three clock 
periods. 
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Figure 13. Partial Expansion Memory Map 
(256 byte RAM, 4K byte ROM version shown) 
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Figure 14. Full Expansion Bus Requestor Memory Map 
(256 byte RAM version shown) 
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EXPANDED BUS SIGNALS (Common for GP and 
UPC Options) 


R/W 

(Read/Write) _ 

Output, active high and low. R/W determines whether 
a read or a write is being performed during the current 
bus cycle. It is stable for the entire bus operation. A high 
signal denotes a read, and a low signal denotes a write. 


DTACK 

(Data Transfer Acknowledge) 

Input, active low. When the addressed device has either 
placed the requested read data on the bus or taken the 
write data from the bus, DTACK should be brought 
low to signify completion. The data portion of the bus 
cycle will be extended indefinitely until this signal is 
asserted. For systems using the GP bus, in which no 
devices need wait states, DIACK may be strapped low. 








AS 

(Address Strobe) 

Output, active low. AS is used to signify that the address 
is stable on the multiplexed bus. AS is high at the 
beginning of each bus cycle, goes low after the address 
has stabilized, and returns to the high state near the 
end of the bus cycle. 


UPC BUS SIGNALS 


UDS 

(Upper Data Strobe) _ 

Output, active low. UDS is used to signifv the data por- 
tion of the bus cycle for the upper byte of the data bus. 
For read operations, UDS should be used by the exter- 
nal device to gate its: most significant byte onto the 
multiplexed address/data bus. For writes, UDS signifies 
that the upper byte of the bus contains valid data to be 
written from the processor. 


LDS 

(Lower Data Strobe) | 

Output, active low. LDS is used to signify the data por- 
tion of the bus cycle for the lower byte of the data bus. 
For read operations, LDS should be used by the 
external device to gate its least significant byte onto the 
multiplexed address/data bus. For writes, LDS signifies 
that the lower byte of the bus contains valid data to be 
written from the processor. 


BR 

(Bus Request) 

Output, active low, open drain. BR goes low when the 
MK68200 requires external bus master status. 
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BG 

(Bus Grant) 

Input, active low. BG notifies that the MK68200 has 
been granted the external bus master status. 


BGACK 

(Bus Grant Acknowledge) 

Output, active low, open drain. The MK68200 will assert 
BGACK when it assumes mastership of the system bus. 





GP BUS SIGNALS 


P4-11 / R/G 

(Request/Grant) 2 

During reset, P4-11 serves as the R/G input (0 = bus 
grantor, 1 = bus requestor). Following reset, and at all 
times during program execution, P4-11 may be used as 
a general purpose input pin. 


DS 

(Data Strobe) 

Output, active low. DS is used to signify the data por- 
tion of the bus cycle. For read operations, DS should 
be used by the external device to gate its contents onto 
the multiplexed address/data bus. For writes, DS signi- 
fies that valid data from the processor is on the bus. 


HB 

(High Byte) — 

Output, active low. HB signifies that the upper byte of 
the data is to be read or written. HB remains active for 
the entire bus cycle. 


LB 

(Low Byte) 

Output, active low. LB signifies that the lower byte of 
the data bus is to be read or written. (Both HB and LB 
active imply that an entire word is to be read or writ- 
ten). LB remains active for the entire bus cycle. 


BUSIN 

(Bus Input) 

Input, active low. BUSIN provides either bus request or 
bus grant. When the MK68200 is the bus grant device, 
its BUSIN signal is a bus request input from a request- 
ing device on the bus. When the MK68200 is a bus 
request device, its BUSIN signal is a bus grant from the 
granting device on the bus. 








BUSOUT 

(Bus Output) 

Output, active low. BUSOUT provides the opposite 
function of BUSIN. When BUSIN is a bus request 
signal, BUSOUT is the corresponding bus grant, and 
vice versa. 
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MK68200 


EMULATOR VERSION 


The emulator versions of the MK68200 are available in 
84-pin, leadless or leaded chip carrier packages or pin- 
grid array packages. Figure 15 illustrates the logical 
pinout of the emulator version. Table 1 summarizes the 
emulator parts described in this data sheet. The emu- 
lator versions have no on-chip ROM, but instead include 


PORT 4 


| 


G 


TAO — 
TBO 
TAI 

TBI 
STRH R/ 
STRL 
RDYH 
RDYL 


15 
14 
13 
12 
11 
10 

9 

8 


PORTO 


a second complete bus, referred to as the private bus. 
The private bus includes a multiplexed address/data 
bus as well as bus control signals. There are 22 pins 
associated with the private bus. All 40 I/O port pins that 
exist on the 48-pin versions are available to the user 
for configuration either as general purpose or special 
I/O pins, or as expanded bus pins. 


2 





oO | CLKOUT 
CLK1 
CLK2 
MODE 





PRIVATE BUS 
OR ADDRESS/ 
EXTERNAL DATA 
ADDRESS/ 
MK68E200 
DATA BUS EMULATOR 
VERSION 
PRIVATE 
BUS 
CONTROL 
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PORT 1 


+ AVAILABLE ON MK68E221 (1K RAM VERSION) 


Figure 15. MK68E200 Logical Pinout 
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P1-4/XIO 
P1-5/XI1 
P1-6/XI2 
P1-7 

P1-8 

P1-9 

P1-10 
ee 
GP/UPC + 
P1-12 





P4-8/RDYL 
P4-9/RDYH 


MK68200 


CHIP CARRIER 
1 84 


MK68E200 
LCC 
OR 
PLCC 


(TOP VIEW) 


P4-10/STRL 
P4-11/STRH 


MODE 
CLK2 
CLK2 
CLKOUT 
FC1 + 
GROUND 
PO-15 
PO-14 
PO0-13 
PO-12 
PO-11 
PO-10 
P0-9 
PO-8 
PO-7 


+ AVAILABLE ON MK68E221 (1K RAM VERSION) 


Figure 16. MK68E200 Pin Assignment, Emulator Version 
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PB-9 
PB-10 
PB-11 
PB-12 
PB-13 
PB-14 
PB-15 
P4-13/TAI 
P4-12/TBI 
P4-15/TAO 
P4-14/TBO 
RESET 


NMI 


P1-0/SO 
P1-1/TCLK 
P1-2/RCLK 
P1-3/SI 
VCC 
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PRIVATE BUS OPERATION 


The address/data lines and control signals that consti- 
tute the private bus are functionally equivalent to the 
internal signals used to access internal resources on 
the 48-pin versions of the MK68200. Thus, the private 
bus may be used to interface EPROM memory in 
emulating mask ROM versions of the MK68200. Alter- 
nately, any combination of ROM, RAM, and I/O may 
reside on the private bus. 


The address that is generated on the private bus is iden- 
tical to that which is internally generated for 48-pin ver- 
sions. When the part is used in a configuration that 
supports system bus addressing through the DMA win- 
dow, any references in this region of the memory map 
‘ produce an address on the private bus identical to that 
specified by the programmer. In other words, the seg- 
ment bits have no effect on the private bus address. 
Write data appears on the private bus pins for all write 
operations, regardless of whether the reference is on- 
chip or off-chip. The MK68200 emulator version reads 
data from the private bus unless data is read from on- 
chip RAM, I/O, or the external bus formed by the Port 
0 and Port 1 I/O pins. 


The I/O port range of the memory map ($FCO0-$FFFF) 
is actually subdivided into space which is exclusively 
reserved for on-chip I/O ($FCO0-$FDFF) and space 
which is exclusively reserved for in-circuit-emulator, or 
AIM, use (§FEOO-$FFFF). The user should ensure that 
no external devices reside in the in-circuit-emulator area. 


The private bus interface is the same as that for the GP 
expanded bus. All read/write transfers made exclusively 
on the private bus are three clock periods, regardless 
of the state of the Fast/Standard (F/S) bus timing selec- 
tion bit. The user should ignore all activity on the pri- 






AMPLIFIER AMPLIFIER 
INPUT OUTPUT 


c, Cc, 
if it is desirable to ‘‘tune” the 
oscillator to a precise frequency, 
C, may be a variable capacitor. 


C. should be in the range of 
Cc, s Cc, <2 C,. 


For a high frequency operation 
C, =~ 5 - 10 pF C, = 10 pF typical 


C, = 20 pF typical 


Figure 17. Crystal Connection 
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vate bus while accesses are in progress on the . 
expanded bus. Care should also be taken that no ex- 
ternal devices reside on the private bus in the memory 
space intended for expanded bus accesses. 


FUNCTION CODE PINS 


Function code pins will be available on some versions 
of the emulator to define the memory cycle currently 
being executed. They are valid during the time private 
bus address strobe (PBAS*) is active. The cycle types 
are interrupt, data fetch, branch, and program fetch. The 
branch cycle is defined as the first program fetch after 
a branch occurs. A branch can occur as a result of a 
jump or call instruction, or an interrupt. For internal in- 
terrupts, the interrupt cycles are defined as the two 
writes to the stack and the read of the vector location 
which occur during the interrupt acknowledge routine. 
For external interrupts, the interrupt cycles are defined 


. as the 3 cycles above plus the read of the vector num- 
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ber. The interrupt cycle is a special case of the data fetch 
cycle. The function code pins are defined below. 


TYPE OF CYCLE 
Interrupt 


Data Fetch 
Branch 
Program Fetch 





CRYSTAL SELECTION 


The wide frequency range of crystals that can be 
chosen for the MK68200 offers the user a large degree 
of flexibility. To aid in the selection of a suitable crystal, 
the suggestions shown in Figure 18 should be con- 
sidered by the user. The MK68200 offers an output pin 
that will provide a system clock signal at one-half of the 
crystal frequency. 


FREQUENCY RANGE 


1 MHz through 12.0 MHz 


SPECIFICATION 


PARALLEL RESONANCE 
FUNDAMENTAL MODE 
C, = 20 pF to 40 pF 

AT CUT 













Figure 18. Summary of Crystal Specifications 
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ASSEMBLER DIRECTIVES 









Assembler Syntax 


Define constant [label:] DC[.size]*1 expr {,expr} 


Define storage [label:} DS[.size]*1 expr 
Duplicate constant block {label:}. DUPI.size]*’ length, value 
EQU 










| END | Program end END [start address] 
Equate symbol value label: EQU expr 
Generate module ID module__name: IDNT version, revision 
NOFORMAT | Do not format listing 
Disable object code generation 


Define register list reg__list_name: REG[.size] _ register list 
SECTION Define relocatable program section; [section__name:] SECTION number 
SET 


Set symbol value label: SET expr 
SPC Space between source lines SPC number 
TTL Specify heading title string TTL title string 


XDEF External symbol definition XDEF symbol {, symbol} 





















XREF External symbol reference XREF [sect no:] symbol - 
{,[sect no]: symbol} 
NOTES: 
1. .size = .Bor W (byte or word size) MC Print macro calls (default) 
2. Options for the OPT directive include: NOMC Do not print macro calls 
CEX Print DC expansions MD Print macro definitions (default) 
NOCEX Do not print DC expansions (default) NOMD Do not print macro definitions 
CL. Print conditional assembly directives (default) MEX Print macro expansions 
NOCL Do not print conditional assembly directives NOMEX Do not print macro expansions (default) 
CRE Print cross-reference table O Create object module (default) 
IMM.L Forces immediate operands for arithmetic instruc- NOO Do not create object module 
tions ADD, SUB, DADD, and DSUB to use the long STR Print code generated by structured statements 
instruction form NOSTR Do not print code generated by structured 
IMM.S_ Allows the assembler to select automatically the statements (default) 


short form of the arithmetic instructions for small 
immediate values (0-15) (default) 
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GENERAL SYMBOL DEFINITIONS 


GENERAL SYMBOL DEFINITIONS 


General Purpose Registers - D0O-D7, AO-A5, SP, SR, 
DHO-DH7, DLO-DL7. - 


Register Pairs - D0-D1, D2-D3, D4-D5, D6-D7, 
AO-A1, A2-A3, A4-A5. 


SYMBOL 


















Size Bit - 1’ = Word, ’0’ = Byte. 





4-Bit Register Field - See Table. 


4-Bit Port Field - See Table. 


> 


oO v 
| [xl|[al|/2| = |[3) (3 (eI//$ 
oO = 5} 


3-Bit Address Register Field - See Table. 


Address Field - 16 Bits. 










immediate Data Field. 


Long Attribute. 
Short Attribute. 


Optional Field. 
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MK68200 





FIELD DEFINITIONS 


4-Bit Register Map 


Bit Bit 
Register Field Register Field 


fo [ooo 


D 
D1 DH1 |0 001 


— 











0110 


D DH7 {0 11 1 








3-Bit Reg Pair Map 


Bit 
Register Field 
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MK68200 









M—REGISTER MASK MAP FOR MOVEM, PUSHM, AND POPM 
ee eee ie eee ee ae ee) 


Dec 
Inc 
Dec 
Byte | DLO DL1 DL2 DL3 DL4 DL5 DL6 DL7 | DH7 












'COND| CONDITION CODE TABLE 


Bit 
Field Description Test 


Zero 
0000 Equal 












Condition 
Code 


EQ 


LO@ 
CS 


VS 


Lower 
0010 Carry Set 


Zz 
C 
0011 Overflow Set V 





Q 
m 
nN 


me [i 
1000 Not Zero 
a oe 


GT? 


~~ 






F1 


NZ 


ae) 


m 


CC 1010 Carry Clear 
NOTES: 


1. The assembler does not recognize the T and F condition codes. 
2. LT, LE, GT, and GE are used for unsigned conditions; LO, LS, HI, and 
HS are for unsigned conditions. 






Z 
Cc 
V 
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MK68200 








INSTRUCTION CLASS FIELDS 
[c3] - 3-Bit Field [ c2] - 2-Bit Field - 1-Bit Field 


Field Instr Instr Field Instr Instr Field Instr Instr 


NOTES: 
1. The bit fields do not apply to bit instructions using a port operand. 
2. These fields also apply to BCD instructions. 





















INSTRUCTION FORMAT 


15 0 


PREFIX WORD 
(used only in some forms of the decimal and bit instructions) 


‘OPERATION WORD 
(contains the opcode and possibly the operands) 







EXTENSION WORD 
(optional - specified by the operation word to be 
immediate operand, mask field, displacement or absolute address) 
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MK68200 


OPERAND 

ASSEMBLER OPERATION 
INSTRUCTION.| ATTR | SYNTAX - WORD 
MNEMONIC | SIZE | Source=Src 

Destination=Dst 

Src , Dst 


B 
Ft eae 


STATUS 
FLAGS 
OPERATION 


ADD: 
Src + Ost — Dst 





ADOC: 
Src + Dst + C ~ Dst 


SUB: 
Dst ~ Src — Dst 


SUBC: 
Dst - Src - C — Dst 


Note: For addressing modes 
#n,Rx and #n,(Ax) with the 
ADD and SUB instructions, 
the assembler uses the short 
version for immediate values 
4 bits. 


















OPERAND 













ASSEMBLER OPERATION STATUS 
SYNTAX 
INSTRUCTION | ATTR 
MNEMONIC Source =Sre OPERATION 


Destination=Dst 


20-“a2mM4xmM 






ADD: 
Src + Dst — Dst 





SUB aa 
ee oo 
ee a 

Pa PRE 
ca LT 
ca peered [= 
aaa 
eae a 
ae 
ae a 
sa os = 
le = 
ca Frac =I 


[¥}]| [e] 






AND: 
Src .AND. Dst ~ Dst 














EOR: 
Src .EOR. Dst - Dst 








OR: 
Src OR. Ost — Dst 











=o a 
on next page [W] 
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INSTRUCTION 
MNEMONIC 












INSTRUCTION 
MNEMONIC 


OPERAND 
ASSEMBLER 
SYNTAX 


Source = Sre 
Destination =Dst 


Src , Dst 


#n16,(Ax) 





MK68200 


OPERATION 
WORD 


ZO-H“2m4Km 





(Ax) + (Ay) + 


#n16,(Ax) + 


~(Ax), — (Ay) 





pe | 
Caper PoE le 
Ee 


es cous 








#n16, — (Ax) 








OPERAND 
ASSEMBLER 
attr | SYNTAX 


SIZE | Source=Src 
Destination=Dst 


Src , Det 








#n4,(Ax) 


eee eee 
se a a el 
fae we 























OPERATION 
WwoORD 










ZO-HZmM4xm 
amra<oa 


“fleet 








= ~T m4.d16(Ax) 





—_ 
Fl 
x 


==00u 














Ry,Addr 









BEECLLL 
cana 


el 








ERLE 
bnk 
= 
ae 
ae 
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STATUS 
FLAGS 
OPERATION 


AND: 
Src .AND. Dst — Dst 





EOR: 
Src .EOR. Dst -- Dst 


OR: 
Src OR. Dst ~ Dst 


NOTE: The 
ASR, LSR, 
ROR, and 
RORC 
instructions 
will clear the 
V status bit. 


_pfRorc}+[o } 


“NOTE: 
2sns7 








STATUS 
FLAGS 
OPERATION 
BCHG: = *& 0) * 
Dst(b#) —- C 
1 — Dst(b#) — Dst(b/) If Dst(b# is 
in the low 
byte of the 
SR, then the 
eae other SR bits 
Dsi(b#) — C are 
0 — Dst(b#) unchanged. 
BEXG: 
Dst(b#) — C 
BSET: 
Dst(b#) — C 
1 — Dst(b#) 
BIST: 
Dst(b#) — C 


*NOTE: The BTST instruction 
executes in 3 less clock 
cycles. 
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OPERAND 
ASSEMBLER OPERATION riphey 
SYNTAX WORD 
INSTRUCTION | ATTR 
MNEMONIC Source=Sre OPERATION 
Destination =Dst 
sero felufell nll oe [e|s 4] 5]2| +o} mlz|vle| 


Dst(b#) -- C 
1 — Dst(b#) — Dst(b#) 


Dst(b#) - C 
0 — Dst(b#) 


Dst(b#) ~ C 






















OPERAND 
ASSEMBLER 
SYNTAX 


Source =Sre 
Destination =Dst 


| Sre , Dst 






OPERATION 


on next page 
woro 


STATUS 
; FLAGS 
OPERATION 


(Ax) ee +2- eee 
(unconditional) eee ~- PC 
[.L] | Addr PC + 4 — ~(SP) 
(unconditional) Addr -- PC 
Lae L] ee Addr [COND _] F:6 | If COND is true, PC + 4 ~ 
TA12 —(SP); Addr ~ PC 


NOTE: The initial PC value is 
the location of the CALLA 
instruction. 


CALLR ee cae hie + 2 — ~—(SP) 
ee cae PC +4 + 2 +(d) - PC 


: d16- PC + 4 -— —(SP) 
[Beta Pope ea 
A CC, di6 [COND | F:6 | If COND is true, PC + 4 — 
T12| -(SP);PC +4+d— PC 
NOTE: The initial PC value is 
the location of the CALLR 
instruction. The 
displacement, d13, is in 
signed magnitude 
representation, and the 
displacement, 16, is in 
two's complement 
; representation. 
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INSTRUCTION 
MNEMONIC 







ZO-eZzmHaxm 
amra<O 
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INSTRUCTION 
MNEMONIC 






CMP 


Continued 
on next page 


INSTRUCTION 
MNEMONIC 


Continued 
on next page 


OPERAND 

ASSEMBLER 
ATTR SYNTAX 
SIZE Source =Sre 


Destination =Dst 
Src , Dat 


MK68200 


OPERATION 
WORD 


15/14/13)12/11/10,91817/6)514;3)2 
1 c 





1/0 
\ 


ZO-H2maxm 
omr-a<a 





ae 





(Ax) 
ales 





d16(Ax) 





Addr 
































(W] 





OPERAND 


SYNTAX 
Source =Srce 


#n8,Px 


ole 








B #n16,(Ax) 


Ant6,Px 


ASSEMBLER 





Destination =Dst 








OPERATION 























B Ry, Rx 6 1 of REGy ]} 1 |- 13 
[Ww] 
4. 
B | Py.AK 8 1 of pony jira |— fe | 
{W] 
seek, ae one 
[ B [apr 6 11lof[ ay }j} 1 |/— | 6 
ae 
— 
.B | (Ay)+,Rx | 4 10 leer aie a lrend 
ail alla 
B — (Ay), AX 4 101 Cal 11/—I6 
[Ww] 
[ 6 | d16(Ay),Rx i 11{/1{ Ay Jj 2 [4a] 9 
{W] 
——+— 
.B | Addr,Rx a | REGx |fs}1 1 1 F le a |9 
[W] 
+ —t. 
le | marx zi G REGX fi i = tg | 
#ni6,Rx 6 | Rex || F 7 |2lele 





Z20O-O2mMaxmM 





B | (Ax) (Ay) 
iW) 





[W) 








(Ax) + (Ay) + 





#n16,(Ax) + 


— (Ax), — (Ay) 








7 #16, ~ (Ax) 

















d16(Ay),Rx 





#n16,Rx 
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OPERATION 


OPERATION 


Ost — Src 


DADD: 
BCD: [Src + Dst — Dst] 


DADDC: 
BCD: [Sre + Dst + C —Dst} 


DSUB: 


* 9 BCD: [Dst — Src — Dst] 


DSUBC: 
BCD: [Dst ~ Src - C — Dst] 


STATUS 
FLAGS 





STATUS 
FLAGS 
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MK68200 


OPERAND 
ASSEMBLER OPERATION 


INSTRUCTION SYNTAX 
MNEMONIC Source=Sre 
} Destination =Dst 


wee eS D 
0 REGy 
i NOTE: For addressing modes 


F 
[s]Lc2 ] 0 
#n,Rx and #n,(Ax) with the 
(Ax) (Ay) Ld DADD and DSUB 


STATUS 
FLAGS 
OPERATION 


ZO-HSmMH4AKM 








instructions, the assembier 
uses the short version for 
immediate values <4 bits. 


4n16,(Ax) 








| (Ax) + (Ay) + 





4016,(Ax) + 


| — (Ax), ~(Ay) 


Continued 
on next page 



















OPERAND 
ASSEMBLER 
INSTRUCTION | ATTR | SYNTAX 
MNEMONIC | SIZE | Source=Sre 
Destination =Dst 


Src , Dat 










OPERATION 
worRoD 


STATUS 
FLAGS 
OPERATION 


B Ry.d16(Ax) 
[Ww] 
Me ait 
ee a 
paps 
ea es a ae 
pe 


oo OK Ha a 
A eee | | 
sees a oa 
A Pepe || 

B 


; #in4,Addr F F 
[LW] 





Z20O-OM2maxmM 
emra<a 












BCD: 


BCD: [Dst — Src -- Dst] 









Disable Interrupts 
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OPERAND 
ASSEMBLER OPERATION 


INSTRUCTION SYNTAX 
MNEMONIC Sources See 
Destination =Dst 


Sre , Dst 


STATUS 
FLAGS 
OPERATION 


zo-o2zmaxkm 


RPy(even), RPy(odd\/Rx —RPy(even) 
REM — RPy(odd) 
MSW — even; LSW —- odd 





Rx — 1 — Rx; If Rx # 0 

then PC + 4-[2+(d)} ~ PC 
NOTE: The initial PC vatue is 
the location of the DJNZ 
instruction. The 
displacement value, d, is a 
magnitude. 





DNEG: 
BCD: {0 — Dst ~ Dst] 




















DNEGC: 
BCD: [0—Dst-C — Dst| 

















d16(Ay) 
































see DADD 
(page 15) 


OPERAND 
ASSEMBLER OPERATION 


INSTRUCTION SYNTAX 
MNEMONIC Source =Sre 
Destination =Dst 


Src , Dst 


STATUS 
FLAGS 


z|vfe 
3 }1-—- LIE -- - 
Enable Interrupts 
see AND 
(page 9) 


RAx,Ry 


OPERATION 


ZOo-VYS2mMaAxM 








Rx. (Ay) 








Rx.(Ay) + 





Rix. — (Ay) 














SIGN EXTEND: 
SignBit(RLx) — RHx 


PC + 2—- PC 
Stop 


| (unconditional) 
s a arere 
! Addr : : Addr — PC 

= ussposnene) F H 





“CCAdd | :6 | If COND is true. Addr ~ PC 








= 
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INSTRUCTION 
MNEMONIC 


OPERAND 
ASSEMBLER 
SYNTAX 


Source =Sre 


MK68200 


OPERATION 
WORD 


OPERATION 


STATUS 
FLAGS 


Destination=Dst 
Src , Dst 


| | [zo-azmaxm 





mg + 4 + 2.(d) — PC 


[COND } ae 4 | If COND is true, 

Pe ee PC + 4 + 2«(d) — PC 
d16 PC +4+4d—PC 
(unconditional) | 

CC.d16 [COND] F:6 | If COND is true, PC + 4 + 
T9 }d ~ PC 


NOTE: The initial PC value is 
the location of the JMPR in- 
struction. The displacement, 
d16, is in two's complement 
representation, and the dis- 
placement, d9, is in signed 
magnitude representation. 


coe | 


dQ 
(unconditional) 


#d16(Rx),Az 





#d16(Ay,Rx),Az 





NOTE: [.2] used for LIWA only, REGx 
and Az must not refer to same regis- 
ter when using 2nd addressing mode. 


see ASL 
(page 10) 


Src — Dst 








Continued 
on next page 








OPERAND 
ASSEMBLER 
SYNTAX 


Source =Sre 
Destination =Dst 


Sre , Dst 


OPERATION STATUS 


INSTRUCTION 
MNEMONIC 


ATTR 


SIZE OPERATION 


ZO-gszmMaxKmM 





(Ay) + Rx Sre — Dst 





1 — (Ay), Rx 


[WI 
.B d16(Ay),Rx 


[W] 








reriper oe] 
ae == 
[W] 


4 
B | marx —e |{ Recx || # | 3 
[— —} 
#n16,Rx 9 7 2|4|6 
[WJ 























+ 
.B Ry,Px 


[Porm jfsj1 1 ofol ay | 


7G 


#n16,Px ) E 7 


(Ay) + ,Px 


#n8,Px 





[W] 


B Ry,(Ax) 1 lol Ax |i[s]} 0 0 O|[ REGy ail 


(WI 
| ——_-_} —____ + 
| .B (Ax),(Ay) 1 
Ww 
{ Pals ihe: 
.B #n16,(Ax) 
{W] 








“fo Cae Isjo 0 fo Cay J] 
1 f “Ax [oo 7 | 
+ ic + 
(REG. [so 1 ofo [ay] 











! 
Continued L 
onnextpage . g 














Rx, (Ay) + \ 1 
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INSTRUCTION 
MNEMONIC 


INSTRUCTION 
MNEMONIC 


OPERAND 
ASSEMBLER 
SYNTAX 


Source =Sre 
Destination=Dst 


Sre , Dat 


(Ax) + (Ay) + 


MK68200 


OPERATIO 





ZOo-“V2mMAaxmM 





4#16,(Ax) + 





Rx, - (Ay) 





Px, ~ (Ay) 


— (Ax). — (Ay) 


#N16, — (Ax) 





Ry,d16(Ax) 


Ry,Addr 


{Ay) + ,REGLIST 











OPERATION 


(Ay) + — REGLIST 














— (Ay), REGLIST 


REGLIST,(Ay) + 





M 


—(Ay) — REGLIST 











REGLIST — (Ay)+ 





REGLIST, — (Ay) 














OPERAND 
ASSEMBLER 
SYNTAX 


Source =Sre 
Destination =Dst 


Src , Ost 














OPERATION 


+3n| REGLIST — —(Ay) 





























dt6(Ay) 


Addr 


see AND 
(page 9) 
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ZO-aHZ2ZmM4xM 
omreo<o 




















seat GS 
ies be 


NOTE: A minimum of 2 registers 
must be specified and may be 
specified in any order. 


OPERATION 


Rx +» RPy(even) — 
RPy(even), RPy(odd) 
MSW — even; LSW — odd 


Rx + RPy(even) — 
RPy(even), RPy(odd) 
MSW — even; LSW — odd 


2’s Complement 


NEG: 0 — Dst ~— Ost 


NEGC: 0 — Dst — C — Dst 


1's Complement 


NOT(Dst) — Dst 








STATUS 


STATUS 
FLAGS 


* * 0 0 
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E 
OPERAND X le 
ASSEMBLER OPERATION i Y STATUS 
SYNTAX worRoD 
INSTRUCTION | ATTR c 
MNEMONIC Source =Sre Hs L OPERATION 
Destination =Dst ; E 
Sre , Dst oO > 
N 











(SP)+ ~ Rx 








(SP)+ — Px 





a a = a a rE 
pe ee fee 


Gia ieee 9 + 3n| ila — REGLIST 
NOTE: A minimum of 2 
registers must be specified 
and may be specified in any 
order. 









ia ~ -(SP) 







ae eee ~- —-(SP) 


PUSHM es ace ene REGLIST ~ —(SP) 

NOTE: A minimum of 2 
registers must be specified 
and may be specified in any 
order. 


Se Me eee 

ee eee Coes 

ce oe an eee ee ee Cie oS: eae 
(SP)+ — PC 











OPERAND . 
ASSEMBLER OPERATION 
INSTRUCTION SYNTAX. WwoRD 


MNEMONIC Source =Sre 
Destination=Dst | 


STATUS 
FLAGS 
OPERATION 
aie oe GuuooMuuoode BBaG 


see ASL 
(page 10) 


zZO-oZzm~4xm 


SUB see ADD 

SuBC (page 8) 

TEST [s]le] 0 of| REGy | oe 

TESTN iw) Src .AND. Dst 


#n16,Py 0 "{ rom} TESTN: 
ee aid as ee 
.B | #n16,(Ay) [s}fe] 0 1}0 [ Ay | 
Ge ee 


The following symbols are used to describe the state of the Status Register flags: 
* Set according to result of operation. 
O Cleared. 
1 Set. 
— Not affected. 
U Undefined. 
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Port Map 


PHO 16 External /O or 

PLO | $FCOO | Addr/Data Bus In 
Expanded Bus Mode 

PH1 16 Ext I/O, Ext Interrupts, 

PL1 | $FCO2 | Serial Port \/O, LB HB R/W DS DTACK AS BUSIN |BUSOUT 
Bus Control LDS UDS BGACK BG BR 







g 
a 


Buffers 


8 External I/O STRH 
$FCO8 | or Timer and TAO TBO TAI TBI R/G STRL RDYH RDYL 
Port 0 Handshake . 


$FCOA | Reserved RESERVED 
$FCOC | Reserved RESERVED 


ied SPARE x12! STRLI TAO! TAII STRHI 
RESERVED SPARE X12M STRLM ;| TAOM TAIM STRHM 
pam [os | so 


PH2 
PH3 Serial Receive and 
PL3 | $FCO6 | Serial Transmit RECEIVE BUFFER 


$FCOE | Interrupt Latch 


Register 


$FC10 | Interrupt Mask 


Register 


Serial I/O Receive 
$FC12 | Control and Status 
Register 


Serial /O Transmit 
$FC14 | Control and Status T 
Register 


FC16 | Timer B Latch 
FC18 | Timer A Low Latch 
$FC1A | Timer A High Latch 


Timer Control, 

$FCIC | Interrupt Edge TEST RESERVED X12C RESERVED TCOC TAM1 
Select 

- - jm [me | me |e | me 


RESERVED 


w 





| 3 

a a 

= oS 
Hl 


uU 
= 
is) 
Hf 


Uv 
= 
ao 


ino 
oo 
Fi 
A 
ei 
r 
o 






Port 0 Handshake 
$FC1E | mode, Bus Lock, 
Bus Segment Bits 


P15 SEGI 





Vv 
ot 
> 


Port 0 Direction 
$FC20 | Control 
DDRO 






Port 1 Direction 
$FC22 | Control 
DDRI1 
$FC24 | Serial 1/0 Mode 
and 
Sync Register 


$FC26 } Timer C Latch 


| P17 





0 
<a 
@ 


7) 
= 


L1 WLO 





Uv 
— 
© 
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= 
pete e T= [= le fe l= 
a 
es ee 
RESERVED ; 00----00 


RESERVED 
RESERVED 
















Mode pin: 
VCC-$0C00 

CLKOUT-$0E00 
GND-$0F00 










SYNC7} SYNC6 | SYNC5 | SYNC4 | SYNC3 | SYNC2 | SYNC1 | SYNCO $0000 


NOTE: 
When a reserved bit is read, it is read as a zero. 
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PORT DESCRIPTIONS 

Important note: All port bits that are not explicitly defined are reserved for possible use in future MK68200 family 
members. If reserved bits are written, they should be written with zero values. When reserved bits are read, they 
are read as zeros. 


PORT 0 — 16 External I/O Bits; read/write 
$FCOO (used as address/data lines in external bus configurations) 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


PORT 1 —16 External I/O Bits, including Interrupt, Serial I/O, 
$FCO2 and Bus Control (shown for GP bus); read/write 





15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


PORT 2 —Reserved 


PORT 3 —Serial /O:Transmit Buffer (Low byte; read/write) 
$FCO6 Receive Buffer (High Byte; read only) 


RECEIVE BUFFER TRANSMIT BUFFER 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


PORT 4 —8 External I/O Pins (Timer and Port 0 Handshake Lines); 
$FCO8 Inputs: read only 
Outputs: read/write 


(reserved) 





15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Note: STRH is also R/G in the expanded bus modes. 
PORT 5 —Reserved 
PORT 6 —Reserved 
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PORT 7 —Interrupt Latch Register; read/write 
$FCOE 





15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


PORT 8 —lnterrupt Mask Register; read/write 
$FC10 





INTERRUPT AND RESET VECTORS 


VECTOR NUMBER NAME MNEMONIC VECTOR LOCATION 
0 RESET RESET $0000 
1 NON-MASKABLE INTERRUPT NMI $0002 LEVEL 2 
2 SPARE SPARE $0004 
3 EXTERNAL INTERRUPT 2 xI2 $0006 
4 STROBE LOW STRL $0008 
5 TIMER A OUTPUT TAO $000A 
6 TIMER A INPUT TAl $000C 
7 STROBE HIGH STRH ~ $000E 
8 RECEIVE SPECIAL CONDITION RSC $0010 _— 
9 RECEIVE NORMAL RN $0012 
A EXTERNAL INTERRUPT 1 xi $0014 
B TIMER B OUTPUT TBO $0016 
C TIMER B INPUT TBI $0018 
D EXTERNAL INTERRUPT 0 x10 $O01A 
E TRANSMIT XMT $001C 
F TIMER C TC | $001E 


NOTE: Reset and Interrupt sources are listed in order of decreasing priority with RESET having the highest priority. 
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PORT 9 —Serial I/O Receive Control and Status Register; 
$FC12 High byte: control register; read/write 
Low byte: status register; read only 





Bit Descriptions: 


RE 0= Disabled; all. status flags cleared. 
(Receiver Enable control) 1 =Enabled. 

1s 0= Disabled; interrupts may occur on 
(Ignore Syncs control) all characters received. 


1 = Enabled; interrupts cannot occur 
on sync characters received after 
the sync match is found. 


RW1, RWO The receiver wake-up control bits 
(Receiver Wake-up operate as follows. 
control) 


APPENDED BUFFER INTERRUPT 
MODE RW1 RWO WAKE-UP LOADED GENERATED 


See en ne ne een ean 


No Wake 0 0 no any RN 
up character 
Wake-up 0 1 yes any RN 
on Any character 
Character 
Wake-up 1 0 yes address RSC 
on Address match 
Match 
Wake-up 1 1 yes any RSC 
on Any address 
Address 
RC 0= Selects external receive clock 
(Receive Clock control) applied on RCLK. 


1= Selects internal clock from the on- 
chip baud rate generator (Timer 
C) for the receive clock. 


This bit is ignored when either the 


TCO bit or the LM (Loopback 
Mode) bit is set. 


43/72 





THOMSON SEMICONDUCTEURS 


3-47 


ERE eR a BR DUPRE RIE IT EL TT SE Na TT TC DI ST TA IT A GT TIES EMS IC, AL TIE IT TE TET BL I TT TP DS PMI ID ETL ES EIT I IE Ta NE GN RESTS TAI STE TT RDI IT COE IO TE LE TI LT ETT LEE II TELE AER LES TES 


44/72 





SIS . 
(Single Interrupt Select 
control) 


BF 
(Buffer Full status) 


OE 
(Overrun Error status) 


PE 
(Parity Error status) 


FE 
(Frame Error status) 


SF/AF 
(Syne Found or Address 
Found status) 


ViK68200 


0= Separate vectors are generated 
for the Receive Normal and the 
Receive Special Condition 
interrupts. 

1=The Receive Normal vector is 
generated for all receive character 
interrupts. 


O= Receive data buffer empty; 
cleared when receive buffer is 
read. 

1=Receive buffer full; set when an 
incoming word is loaded into the 
receive data buffer. 


O=No overrun error; cleared when 
the status register is read. 

1 =Overrun error; set when a new 
word has been received and the 
previous word has not been read 
from the receive data buffer. 


O=No Parity Error; cleared when the 
status register is read. 

1 =Parity Error; set when a parity 
error has been detected on an 
incoming character in the data 
stream. 


0O=No frame error; cleared when the 
status register is read. 

1=Frame error; set when a word is 
transferred to the receive data 
and no stop bit has been 
recognized. 


This flag applies to async formats 
only. 


This flag is used for both sync 
character match conditions and 
address found conditions in some 
wake-up modes as follows. 


MODES a 
SS IS RWi RWO CONDITIONS THAT SET SF/AF 
1 xX Xx x Sync Found on any bit boundry 
0 1 x x unaffected 
0 O 0 0 unaffected 
0.6060 1 1 Any Address 
0 O 1 0 Address Match 
0 O 0 1 unaffected 
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PORT 10—Serial I/O Transmit Control and Status Register 
$FC14 High byte: control register; read/write 
Low byte: status register; read only 





U 
E 
(reserved) 
8 7 6 5 4 3 2 1 0 


TE 0=Disable the transmitter; any 
(Transmitter Enable control) word being shifted out will 
continue until completion. 
1=Enable the transmitter. 


15 14 13 12 11 10 9 


Bit Descriptions: 


AT 0O=No effect on TE or RE. 

(Automatic Turn Around control) 1 =Causes RE to be set to a “1” 
and TE to be set to a “0” 
automatically at the end of a 
transmission. 


LM 0=Disables loopback mode. 

(Loopback Mode control) 1=Causes the transmitter output to 
be internally connected to 
receiver input. Also causes 
Timer C to be used for both the 
transmit and receive clocks 
regardless of the state of TC, 
RC, TCO, and TCOC. 


TW1, TWO These bits provide control for wake- 
(Transmit Wake-up control) up operation as follows. 


TW1 TWO OPERATION 


1 0 Transmit Data 
1 1 Transmit Address 
0 X No Wake-up 


TC 0=Selects the external clock signal 
(Transmit Clock control) applied on TCLK for the 
transmit clock. 
1 = Selects the internal baud rate 
generator output (Timer C) for 
the transmit clock. 


This bit is ignored if either the TCO 
bit or the LM bit is set. 


45/72 


THOMSON SEMICONDUCTEURS 


3-49 








46/72 





P/S 


(Previous/Sync control) 


BE 


(Buffer Empty status) 


UE 


(Underrun Error status) 


END 


(End of Transmission status) 


MK68200 


0=Selects continuous transmission of 
the contents of the sync character 
register in the synchronous mode 
when there is no data to transmit. 

1 =Selects continuous transmission of 
the transmit data buffer in 
synchronous mode when there is 
no data to transmit. 


O= Transmit Buffer is full; reset to this 
condition after the transmit 
buffer is reloaded. 

1=Transmit Buffer is empty; set to 
this condition after the transmit 
buffer contents are transferred to 
the output shift register. 


O=No underrun error; cleared 
following a read of the transmit 
buffer. 

1 =Underrun error; set only in the 
synchronous mode when the last 
word has been shifted out and 
transmit buffer has not been 
reloaded. 


O=No end of transmission; cleared 
by enabling the transmitter. 

1=End of transmission detected; set 
when the transmitter is disabled 
and the last character has been 
shifted out. 


PORT 1i1— Timer B Latch; read gets counter value; 


$FC16 


15 


14 


write goes to latch 


13 


12 


11 


10 
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PORT 12—Timer A, Low Latch; read gets counter or latch value; 
$FC18 write goes to latch 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


PORT 13—Timer A, High Latch; read gets counter or latch value; 
$FCIA write goes to latch 


15 14 13 12 11 10 9 8 4 6 5 4 3 2 1 0 


PORT 14—Timer Control, Interrupt Edge Select; read/write 
$FC1IC 





15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Bit Descriptions: 


TEST 0O=Normal operation; cleared on user 
(Test mode control) control and on reset. 
1=Selects test mode; not to be used 
during normal operation. 


Xl2C O=Interrupt on falling edge of X12. 
(External Interrupt 2 Control) 1=Interrupt on rising edge of X12. 
TCOC 0=When TCO = 1, TCLK is selected 
(Timer C Output Control) for use as a general purpose I/O 


pin. 
1=When TCO = 1, TCLK is selected 
for use as an output for Timer C. 


TCOC has no effect when TCO = 0. 
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TAM1, TAMO 
(Timer A Mode control) 


TAE 
(Timer A Enable control) 


TAIC 
(Timer A Input Control) 


TAOC 
(Timer A Output Control) 


TBM1, TBMO. 
(Timer B Mode control) 


TBE 
(Timer B Enable control) 


TBIC 
(Timer B Input Control) 


THOMSON SEMICONDUCTEURS 
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These bits select the operating mode 
of Timer A as follows. 


TAM1 TAMO MODE 


0 0 Interval 

0 1 Event 

1 0 Pulse/period 1 
1 1 Pulse/period 2 


O= Disables Timer A; all Timer A 
operations are inhibited, and the 
timer counter is initialized. 

1= Enables Timer A; the timer begins 
operation as defined by the other 
Timer A control bits. 


0O= Selects a negative transition as 
the active edge for TAI. 

1= Selects a positive transition as the 
active edge for TAI. 


O= Selects TAO as a general purpose 
output pin. 

1= Selects TAO as an ouput pin 
associated with Timer A; TAO is 
initialized low when TAOC is a 
one and TAE is zero. 


These bits select the operating mode 
of Timer B as described below. 


TBM1 TBMO MODE 

0 0 Interval 0 
(TBO is not used) 

0 1 Interval 1 
(TBO is used) 

1 0 Retriggerable 
one-shot 

1 1 Non-retriggerable 
one-shot 


O0= Disables Timer B; all operations 
are inhibited, and the timer 
counter is initialized. 

1= Enables Timer B; the timer 
begins operation as defined by 
the other Timer B control bits. 


O= Selects a negative transition as 
active on TBI. 

1= Selects a positive transition as 
active on TBI. 





MIK68290 








PORT 15—Port 0 Handshake Mode, Fast/Standard, Bus Lock, and Bus 
$FCIE Segment Bits; read/write 


(reserved) 





15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Bit Descriptions: 


SEG1, SEGO Used in the expanded bus mode when a 

(Segment bits) reference is made to the DMA window. The 
contents of SEG1 and SEGO are then output 
on pins AD15 and AD14, respectively. 


BLCK O0=Disables the bus lock function. 

(Bus Lock control) 1=Enables the bus lock function. 

F/S 0=Selects standard timing of read/write 

(Fast/Standard timing control) cycles on the external bus (4 clock 
periods). 


1= Selects fast timing of read/write cycles on 
the external bus (3 clock periods.) 


PMO, PM1, PM2, PM3 These bits allow the user to select one of 
(Port Mode control) eight different handshaking modes. 
PM3 PM2 PM1 PMO HIGH HANDSHAKE LOW HANDSHAKE 

0 0 0 0 Inactive PLO or PO output 

0 0 0 1 PHO output PLO output 

0 0 1 QO Inactive PLO input 

0 0 1 1 PHO input PLO input 

0 1 0 O  ~=PHO input PLO ouput 

0 1 0 1 Inactive PO input (word only) 

0 1 1 O = PLO output PLO input (bidirectional) 

0 1 1 1 PO output PO input (bidirectional) 

1 1 0 0 _—iInactive Inactive 

1 1 1 QO = Full Expansion (62K external bus) 

1 1 1 1 Partial Expansion (16K external bus) 
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PORT 16—Port 0 Data Direction Control (DDRO); read/write 
$FC20 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0—Corresponding Port 0 bit is input. 
1—Corresponding Port 0 bit is output. 


PORT 17—Port 1 Data Direction Control (DDR1); read/write 
$FC22 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0—Corresponding Port 1 bit is input. 
1—Corresponding Port 1 bit is output. 


PORT 18—Serial I/O Mode and Sync Register; read/write 
$FC24 





Bit Descriptions: 


AIS 0= Selects synchronous operation for 
(Asynchronous/Synchronous mode the serial port; transmit and 
control) receive clocks are divided by 1. 


1=Selects asynchronous operation 
for serial port; transmit and 
receive clocks are divided by 16. 


WL1, WLO These two bits select the length of 
(Word Length control) the data word as follows. 


WL1 WLO Word Length 


0 0 =s8 bits 
0 1 7 bits 
1 0. s€6 bits 
1 1 5 bits 
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ST 
(Stop Bit control) 


PAR1, PARO 
(Parity control) 


TCO 
(Timer C Output mode 
control) 


WS 


(Wake-up Sense) 


SYNC7-SYNCO 


(Sync character bits) 


MK68200 





This bit is only used in the 
asynchronous mode. It selecfs the 
number of stop bits transmitted. 


ST Number of Stop Bits 


0 1 
1 2 


These two bits provide parity control 
for both the synchronous and asyn- 
chronous modes. 


PAR1 PARO Parity 


0 0 no parity 

0 1 fixed ‘‘O” parity 
1 0 odd parity 

1 1 even parity 


Note that even parity is defined such 
that the sum of the data and parity 
bits is even. 


0= Disables Timer C output mode. 

1= Enables Timer C output mode; 
disables Timer C’s use as a 
baud rate generator when LM = 
0; causes transmit and receive 
clocks to be internally connected 
to RCLK so that TCLK may be 
used either as general purpose 
/O or as an output for Timer C. 


The following table lists the effects 


of 
the WS bit. 
WS Wake-up bit Meaning 
0. 0 Address Word 
0 1 Data Word 
1 0 Data Word 
1 1 Address Word 


These eight bits are used to store 
the 

sync character or the device address 
for the wake-up mode. 


PORT 19—Timer C Latch; read gets counter, write goes to latch and counter 


$FC26 


15 14 13 12 11 10 
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ELECTRICAL SPECIFICATIONS — 


MAXIMUM RATINGS 


Temperature: Under Blas: s o2cov ese ese seu we Sara heen a eee eA Cae ee onade ees ~25°C to +100°C 
Storage: Temperature 3.20 ieee Ee Sis eee SRA Re ae Pee Ree eee hea -—65°C to +150°C 
Voltage on Any Pin with Respect to Ground........ 0... . cee eee nes —-03 Vto +7 V 
Power Dissipatloniccs 52h eed G% accede and ie ee HOS 4 ha ww Bs a RS ORE an Rae ae ees 15 W 


Stresses above those listed under ‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other condition above those indicated in the operation sections of this specncene? is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


MK68200 DC ELECTRICAL CHARACTERISTICS 
(Voc + 5.0 V + 5%, T, = 0° to 70°C) 


TEST 
SYMBOL | PARAMETER wm | ax UNITS CONDITIONS 


Va | rewiow tase atime [0a [oe [VP 

Mi | Input high voltage; all inputs 2S he ae 
| Vow Output low voltage; all outputs Pf 04 TM | Ig, = 2.0 mA 
[Vor | Supernah voter owpus [28 [| tegm 250A 
Tee | testpowesuirowres |__| 2 | me Op Op 
[ts | at toiags cure [in= O s 


han Three-state output leakage current in oe © Vout = oo V to 
float 


CAPACITANCE 
Ta = 25°C, f = 12 MHz with unmeasured pins returned to ground. 


SYMBOL | PARAMETER | MAX 


Three-state Output Capacitance 




























UNIT TEST CONDITION 
Unmeasured pins 





returned to 
ground 
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MK68200 AC ELECTRICAL SPECIFICATIONS 
T, = 0°C to 70°C, Vog = +5V +5% unless otherwise specified. 
AC measurements are referenced from minimum V,,, or maximum V,, for inputs and from minimum Voy or 


maximum Vo, for outputs. 
no. DESCRIPTION MIN UNITS | NOTES 
1 RESET low time state 
times 
CLK 1 width high (external 
clock input) 
CLK 1 width low (external 
clock input) 

















a 

[4 [CLK period foneral cock input] 128 [1000 | 68 
(8 [oock Pos Pat) dt sO 

(7 [PHT iow w PHT rh | es | 
[—e[PHT highe Pt iow | es | 

i a 
fe 


PHI 1 low to CLKOUT low 
PHI 1 high to CLKOUT high 


MK68200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS 
(UPC, GP, AND PRIVATE BUSES) 


11 PHI 1 low to R/W, HB, or LB 
valid 


ie [PAI igh Sow 
[13 [PAI owt ecress vid 


27 
27 












UNITS | NOTES 


Pde! 
|e 
| ne 
— 
— 


115 








115 
PHI 1 low to address valid 115 


) 
: 
78 [PAI wt tte across 
1 
1 


3 
3 
6 Tri-state address to DS, LDS, 
or UDS starting low (fast cycle) 
7 
8 
9 


70 
10 


—k 


115 


a 


| PHI 1 low to DS, LDS, or UDS 
low (fast cycle) 
1 PHI 1 low to data out valid during 
write 
1 PHI 1 low to R/W, HB, LB 
invalid 


AS low to DS, LDS, or UDS 100 
Starting low (fast cycle) 
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MK68200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS 
(UPC AND GP BUSES) 


DESCRIPTION 


Tri-state address to DS, LDS, 
or UDS starting low (standard 


PHI 1 high to DS, LDS, or UDS 
low (standard cycle) 
| 24 Valid Data Setup to PHI 1 low 10 
AS low to DS, LDS, or UDS 
starting low (standard cycle) 
R/W, HB, or LB valid to AS 
starting low 


Address valid to AS starting low 








UNITS | NOTES 












1 


m 
oO 


[= | Irput data hold time from PHI 1 45 
low 


Input data hold time from DS 
LDS, or UDS high 

PHI 1 low to DS, LDS, or UDS 
high 





— 
© 


[st | BACK ow soup ie PAT Reh | 
= Teens 
DTACK high (hold time) 

[36 EBS, WS, or DS pusewiath 
et |PHI Toh AS oh 


| 35 PHI 1 low to data out invalid 
[36 [ASinactve 


37 ‘| DS, LDS, or UDS high to data 180 
out invalid 
DS, LDS, or UDS high to AS 
high 


| | a MHz | MHz 
[se soonest Yon [i 
| 39 


aK 
aso [ too [a0 [ne | 
— 








1 


ah 
=| oO 


0 






















| 40 | BG low to BGACK low | 50 | 600 | 50 | 400 | ns | 
41 BGACK, AS, DTACK, inactive 
to BGACK low; BG already low 
42 | BGACK low to AS, UDS, LDS, 
or address/data bus driven 
43 | AS, LDS, UDS or address/data 0 180 
bus tri-state to BGACK high 
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MK68211 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (GP BUS) 


DESCRIPTION 


Tri-state AS, DS, R/W, LB, HB 
to BUSOUT low (bus grantor, fast 
cycle, (no wait states) 


BUSIN low to BUSOUT low (bus 
grantor, fast cycle, no wait states) 
BUSOUT high to AS, R/W, LB, 15 
HB driven (bus grantor) 

BUSIN high to BUSOUT high 520 
(bus grantor) 





UNITS 


NOTES 


— 
en 
oO 
— 
i=) 
oO 


ns 













1900 1200 





6 
Tri-state address/data bus to 
49 | BUSOUT high to address/data 
bus driven (bus grantor) 


50 | BUSOUT low to AS, DS, RW, 
LB, HB driven (bus requestor, 
BUSIN low) 


BUSOUT low (bus grantor) 


— 


150 


NO 
as 
oO 






N 
3 
_ 
too] 
oO 


51 | BUSIN low to AS, DS, RW, LB, 650 
HB driven (bus requestor, 
BUSOUT low) 


Tri-state AS, DS, R/W, LB, HB, 


—_, 
© 
© 





Le to BUSOUT high (bus requestor) 
BUSOUT high to BUSIN high 
(bus requestor) 
54 BUSIN low to address/data bus 3 
driven (bus requestor) 


50 
Tri-state address/data bus to 100 
BUSOUT high (bus requestor) 


DESCRIPTION 


Valid Data Setup to PHI 1 low 
f 
9 


5 400 





oO 
f°?) 










UNITS 


-_ 





NO 
(>) 


© 


NO 
5 









low 


PBR/W valid to PBAS starting 
low 
bat Address valid to PBAS starting 





Input data hold time from PHI 1 
low 


Input data hold time from PBDS 
high 








N 
ou 
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MK68E200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (PRIVATE BUS) (Cont.) 


DESCRIPTION 


| et PHI 1 low to PBDS high 
| 62 | PBDTACK low setup to PHI 1 high 


| PBDS high to PBDTACK high 
(hold time) 
PHI 1 high to PBAS high 


i 

a 

al 

F805 pie wa | 
—s — 
ea owe cam otinaid | 
= 

= 

<a 





UNITS 





NOTES 







105 











_ 
or 


5 


_— 
@ 
Oo 








UNITS | NOTES 


state 
times 


1 
1 
1 







— 
So 







state 
times 


5 


state 
times 












= 
QO S< 


Oo 
© 





D 
D 


g 
©) 







PBAS inactive 
| 6B PBDS high to data out invalid 
| 69 PBDS high to PBAS high 
MK68200 INPUT/OUTPUT AC ELECTRICAL CHARACTERISTICS 
0. DESCRIPTION 
70 | Active and inactive] For XI2, XI, 
pulse times STRH, STRL, 
TAI, TBI, NMI 
For XI0 
71 Input data setup to falling edge of 
STRH, STRL 
72 Input data hold from the falling 
edge of STRH, STRL 
RDYH, RDYL low time 
74 Delay from STRH, STRL high to 
RDYH, RDYL low 
75 Delay from data valid to RDYH, 
| RDYL high (output mode) 
76 Delay from STRH high to data out 
(bidirectional mode) 
77 Port 0 data hold time from STRH 
low (bidirectional mode) 
Delay to Port 0 float from STRH 
low (bidirectional mode) 
TCLK,RCLK period | as input | 
(asynchronous) 
TCLK,RCLK period 
(synchronous) 
TCLK, RCLK width low| as input | 
ed TCLK, RCLK width high | as input | 
56/72 


| 1 D DC state 
DC times 
DC state 
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MK68200 INPUT/OUTPUT AC ELECTRICAL SPECIFICATIONS 


no. DESCRIPTION ae at. a UNITS | NOTES 
TCLK low to SO___+| TCLK as input | 330 
delay (sync mode) 

TCLK as output 
SI to RCLK high | RCLK as input | 80 
setup time (sync 

‘i 











mode) RCLK as output 
RCLK as input 
RCLK as output 


SI hold time from 
RCLK high 
(sync mode) 








NOTES 

1. One state time is equal to one-half of the instruction clock (PHI 1) period. 

2. For the private bus case, the signals referenced apply to the equivalent 
private bus signals. 


LOAD 1 LOAD 2 


IN914 
TEST POINT: TEST POINT 


+ 2.5V Vcc 
2KQ (1%) 
150 pF T 


TEST LOAD 2 IS APPLICABLE TO 
P1-12 AND P1-8. 





TEST LOAD 1 IS APPLICABLE TO 
ALL PINS EXCEPT P1-12 AND P1-8. 


Figure 19. Output Test Load 
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(EXTERNAL CLOCK 
SIGNAL) 
RESET (| | | 
xi2, XI, XIO, | : 3 3 
TAI, TBI, NMI, , 
STAL, STRH : 


Figure 20. MK68200 AC Timing 


PHI 1 


CLKOUT 





A/D (READ) | ADDRESS 


re 
Pe aa. lies eos | 
LDS oe 
| — &) 163) | 
DTACK | 
a ‘) 
A/D (WRITE) 





Figure 21. MK68201 UPC Bus Timing (Fast Cycle) 
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A/D 
(WRITE) A q DATA OUT 


Figure 22. MK68201 UPC Bus Timing (Standard Cycle) 
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OTACK 


Figure 23. MK68201 UPC Bus Arbitration Timing 
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a eR IR IIPRET I TENTS SESE SE ISTE TE SC DES ESO TEC EP OIE TE I TIE SP ICI SE I IOI TET EA ET TIS EIT EE LED 


So St $2 S3 S4 $5 


PHI 1 


© 


CLKOUT 


A/D (READ) 


DTACK 





A/D (WRITE) 


Figure 24. MK68211 GP Bus Timing (Fast Cycle) 
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PHI 1 










—>|@} | 

> @ | | @F = 

(READ) {appress fF oat 5————- 
_ 
| 
, 
DTACK 
ware y a oe DATA OUT 
Figure 25. MK68211 GP Bus Timing (Standard Cycle) 
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DTACK 


HB* 


LB* 


R/W* 


Figure 26. MK68211 GP Bus Timing (Interrupt Acknowledge Timing) 
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Figure 27. MK68211 GP Bus Arbitration Timing (Bus Grantor) 


BUS OUT 





BUS IN 





Figure 28. MK68211 GP Bus Arbitration Timing (Bus Requestor) 
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So si $2 $3 $4 $5 


PHI 1 


CLKOUT 





PBR/W 
PBHB, PBLB 


PB A/D 
(READ) 


PBDS 


PB A/D 
(WRITE) 


Figure 29. MK68200 Private Bus Timing (Fast Cycle) 
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Figure 30. Input/Output AC Timing (Data Input) 


PORTO 
OUTPUT 


@) 





RDYH 
RDYL 


STRH 
STRL 


Figure 31. Input/Output AC Timing (Data Output) 
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PORT 0 ( INPUT DATA OUTPUT DATA ) 


STAL 


RDYL 


ROYH 


STRH 





Figure 32. Input/Output AC Timing (Bidirectional 1/O) 


TCLK 





so 


RCLK 


SI 





Figure 33. Input/Output AC Timing (Serial I/O) 
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PHYSICAL DIMENSIONS 


MK68200 48-Pin Plastic Dual-in-Line 
Package (N) 






| wuumerers | INCHES 
[pin | MIN | WAX | WIN | MAX | 
A [61408 [62.706 | 2.420 | 2.470 
“B | 14.986 [16.256 | 0.500 | 0.640, 


[13.462 | 13.97 | 0.890 | 0.860 | 
ce [3.566 | aoe | 0.140 | 0.160 

o.ser | 4.826 | 0.015 | 0.060 | 
TF | soa [3.07 | 0.120 | 0.180 
Ta _| 7.826 | 2.206 | 0.060 | 0.000 
Ta | 4.106 | 1.794 | 0.090 | 0.170 
Ta [45.26 | 17.78 | 0.600 | 0.700 


| 0.381 | 0.533 | 0.015 | 0.021 | 
E | -0.203 [0.305 | 0.008 | 0.012, 
| M | 1.143 | 1.778 | 0.045 















aes 23 EQUAL SPACES 


AT 0.100 + 0.010 (T.N.A.) 


MK68200 48-Pin Ceramic Dual-in-Line 
Package (P) 


23 EQ. SP. @ .100 
2.300 


| 
Sa 


im 





NOTES 
1, Package stand off to be measured per JEDEC requirements. 
2. Measured from centerline to centerline at lead tips. 
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MK68E200 84-Pin 
Ceramic Leadless Chip Carrier (E) 


TOP VIEW 






— 





a lneslan 


BOTTOM 
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ORDERING INFORMATION 


There are two types of part numbers for the 68200 
family of devices. The generic part number describes 
the basic device type, the amount of ROM and RAM, 
the desired package type, temperature range, power 


Generic Part Number 


An example of the generic part number is shown below: 


MK 68 201 / 


NOTES 

1. Available for emulator only. 

2. Must be “0” when specifying the emulator. 
3. Contact Mostek for availability. 


70/72 





4 4N - 0 6 


THOMSON SEMICONDUCTEURS 


3-74 


supply tolerance, and expandable bus interface type. 
The device order number indicates the specific mask 
set Mostek will use to manufacture the device, along 
with package type, speed grade and temperature range. 


Denotes maximum instruction clock 


frequency. 
= 4 MHz 
6 = 6 MHz 


Denotes operating temperature range. 
0 = 0° to +70°C 


1 = 


Package Type. 


RAM Designator. 


ROM Designator. 


Oo OWFf OOMZV 


Basic Device Type. 


—40°C to +85°C% 


Ceramic DIP 
Plastic DIP 
. Leadless Chip Carrier’ 
Plastic Leaded Chip Carrier? 
Pin Grid’ 
256 Bytes 
512 Bytes 
1024 Bytes 


None? 
4K Bytes 


68201 = UPC Bus 
68211 = GP Bus 
68E201 = Emulator with 
UPC Bus 
68E211 = Emulator with 
GP Bus 
68E221 = Emulator with 
GP/UPC input pin? 





MK68200 





Device Order Number 
An example of the device order number is shown below: 


vw K 411 5 2 N - O 6 


Denotes maximum instruction clock frequency. 
4 = 4 MHz 
6 = 6 MHz 
Denotes operating temperature range. 
0 = 0° to +70°C 
1 = -—40°C to +85°C? 
Package Type. P = Ceramic DIP2 
N = Plastic DIP 
E = Ceramic Leadless Chip Carrier’ 
Q = Plastic Leaded Chip Carrier? 
G = Ceramic Pin Grid Array18 
Version/Code Specific Number. 


For MK68201, MK68211: 

002 = No ROM version (standard catalog item) 

Oxx = Reserved for catalog codes 

100 - 999 = Customer Code (Mostek Assigned) 
For MK68E201, MK68E211, MK68E221: 

000 = UPC, 256 bytes RAM, no ROM 

010 = GP, 256 bytes RAM, no ROM 

020 = GP/UPC, 1024 bytes RAM, no ROM? 


Basic Device Type. 
40 = Emulator Version 
41 = UPC, 0 or 4K bytes ROM, 
256 bytes RAM 
42 = GP, 0 or 4K bytes ROM, 
256 bytes RAM 


NOTES 

1. Available for emulator only. 

2. Intended for prototype orders only. 
3. Contact Mostek for availability. 
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PART NUMBER EXAMPLES (A noninclusive list) 


MK68201/44N-04 Device Order Number = MK41XXXN-04 
Speed = 4MHz 

Temperature = 0° to 70°C 

Package = 48 pin plastic 

RAM = 256 bytes 

ROM = 4096 bytes 

Bus = UPC 


Device Order Number = MK42002N-06 
Speed = 6MHz 

Temperature = 0° to 70°C 

Package = 48 pin plastic 

RAM = 256 bytes 

ROM = None 

Bus = GP 


Device Order Number = MK40010E-14 
Speed = 4MHz 

Temperature = —40° to +85°C 
Package = 84 pin ceramic LCC 

RAM = 256 bytes 

ROM = None 

Bus = GP 


Device Order Number = MK40020G-06 
Speed = 6MHz 

Temperature = 0° to 70°C 

Package = 84 lead PGA 

RAM = 1024 bytes 

ROM = None 
Bus = GP/UPC 















MK68211/04N-06 
















MK68E211/04E-14 














MK68E221/0CG-06 











These specifications are subjet to change without notice. 
Please inquire with our sales offices about the availability of the different products. 


Printed in France 
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MK68HC200 FAMILY 


16-BIT SINGLE CHIP MICROCOMPUTERS 


MK68HC201/MK68HC21 1/MK68HC221 


ADVANCE INFORMATION 


FEATURES 
@ 16-bit high 
microcomputer 
@ Modular architecture 


performance, — single-chip 


Power saving stop and idle modes 


@ 14 address and data registers 
— Eight 16-bit or sixteen 8-bit data registers 
— Six 16-bit address registers 


@ Advanced 16-bit instruction set 
— Bit, pyte and word operands 
— Nine addressing modes 
— Byte and word BCD arithmetic 


@ High performance (10 MHz instruction clock) 
— 0.3 us register-to-register move or add 
— 2.1 ps 16 x 16 multiply 
— 2.3 ps 32/16 divide 


@ Available with 0 or 4k bytes of ROM 
256 bytes of RAM 


@ Three 16-bit timers 
— Interval modes 
— Event modes 
— One-shot modes 
— Pulse and period measurement modes 


e@ Serial channel 
— Double buffered receive and transmit 
— Asynchronous to 625Kbps 
— Synchronous to 2.5Mbps 
— Address wake-up recognition and generation 
— Internal/external baud rate generation 


@ Parallel I/O on first version 
— Up to 40 pins 
— Direction programmable by bit 
— One 16-bit or 2 8-bit port(s) with handshaking 


@ Interrupt controller 
— 16 independent vectors on first version 
— Expandable to handle 64 independent in- 
terrupts 
— Eight external interrupt sources 
— One non-maskable interrupt 
— Individual interrupt masking 


@ Optional external bus 
— 16-bit multiplexed address/data bus 
— Automatic bus request/grant arbitration 


HCMOS 


LCC 52 





— Two control bus versions 
© 68000 compatible bus (UPC) (MK68HC201) 
e General Purpose bus (GP) (MK68HC211) 


Emulator version available 

— Added private bus 

— No on-chip ROM 

— 512 bytes on-chip RAM 

— GP or UPC bus version with one part 
(MK68HC221) 


16, 20, and 25 MHz time base versions produce 8, 
10 and 12.5 MHz instruction clock rates respec- 
tively 

— Crystal or external TTL clock 


Single +5 volt po. er supply 


e@ Plastic or Ceramic Chip carrier packaging 


March 1987 - 1/73 
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PIN DESCRIPTION 
SINGLE-CHIP DESCRIPTION 
Port 1 becomes the control signals (GP or UPC) for the 


Figure 1 illustrates the functions of specific pins for an bus. The following description applies to the pins only 
MK68HC201 or MK68HC211, operating in a single-chip when the device is used in the non-expanded or single- 
mode. When the device is operating in one of the ex- chip mode. Descriptions of the pin functions for the ex- 
panded bus modes, the pins on Port 0 become the mul- panded bus modes are in the Expanded Bus Opera- 
tiplexed address/data bus, and the upper half of tion section of this data sheet. 
$< 
cmcccce/ Venema, 
: 
g res 
2 rE 
Se 


errr ee 


o0Oo---- 00 


PORT 8 MK68HC201 Ream 
0 


MK68HC211 


EXTERNAL 
INTERRUPTS 


st 

RCLK 

TCLK \ SERIAL 
so. 


Figure 1. MK68HC201, MK68HC211 Logical Pinout, Single-Chip Mode 


MNEMONIC PIN FUNCTIONS FOR SINGLE-CHIP OPERATION 





oe NW eA Qy 
o- NW kM Hy @ 
* 
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[ae 
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Voc Supply voltage 4.5 to 5.5 V 

GND Ground 

RESET Reset (input, active low) - RESET input overrides ongoing execution (including interrupts) 
and resets the chip to its initial power-up condition. RESET cannot be masked. 

CLKOUT Clock Output (output) - CLKOUT will output the instruction clock rate, which is one-half 
of the frequency provided on CLK1 and CLk2. 

CLKi, CLK2 Time base inputs (inputs) - CLK1 and CLK2 may be connected to a crystal, or CLK1 may 


be connected to an external TTL-compatible oscillator while CLK2 is left floating. 


NMI Non-maskable interrupt (input, active low, negative edge triggered) - The NMI request line 
has a higher priority than all of the maskable interrupts. NMI is always enabled regardless of 
the state of the L1E (Level 1 Interrupt Enable) bit in the Status Register. 


MODE Mode (input) - The MODE pin has three states, which select fully expanded external bus, 
partially expanded external bus, or no expanded bus (single-chip configuration). 


PO-O - POQ-15 Port 0 (input/output) - Each bit in Port 0 may be individually programmed for general pur- 
pose input or output. Port 0 also has several handshaking modes to allow parallel, asyn- 
chronous communication with other devices. The high and low bytes may be programmed 
individually or jointly to be inputs, outputs, or bidirectional. 


P1-0 - P1-15 Port 1 (input/output) - Each of the 16 bits in Port 1 may be individually programmed for 
input or output. Additionally, the lowest seven bits of Port 1 may be programmed to serve 
specific alternate functions as shown below. 


P1-6/X|2 External Interrupt 2 (input, rising or falling edge triggered) - The programmer may select 
the rising or falling edge as active for XI2. 
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MNEMONIC 


P1-5/XI1 





P1-4/XI0 


P1-3/SI 


P1-2/RCLK 


P1-1/TCLK 


P1-0/SO 





P4-8 - P4-15 


P4-15/TAO 


P4-14/TBO 


P4-13/TAI 


P4-12/TBI 


P4-11/STRH, 
P4-10/STRL 


P4-9/RDYH, 
P4-8/RDYL 
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PIN FUNCTIONS FOR SINGLE-CHIP OPERATION 


External Interrupt 1 (input, falling edge triggered) - The XI1 may be used to interrupt the 
MK68HC200 on the falling edge of an input pulse. 


External Interrupt 0 (input, low level triggered) - The XI0O interrupt input is level triggered 
(unlike X!1 and X{2). It may be used to produce an internally vectored interrupt or to cause 
an external fetch of an interrupt vector number when the MK68HC200 is used in an ex- 
panded mode with the GP bus. 


Serial Input (input, active high) - SI is used to receive serial data when the receiver is 
enabled. 


Receive Clock (input/output, active high) - Depending on the mode programmed, RCLK 
can be used by the serial port as either an input or an output pin. When used as an input 
pin, RCLK provides the receive clock and/or the transmit clock. When RCLK is not provid- 
ing the transmit or receive clock, it can be used as an output for Timer C. In this mode, 
the receive clock is being provided by Timer C. 


Transmit Clock (input/output, active high) - Depending on the mode programmed, TCLK 
can be used by the serial port as either an input or an output pin. When used as an input 
pin, TCLK provides the transmit clock. When TCLK is not providing the transmit clock, it 
can be used as an output for the Timer C. In this mode, the transmit clock is being provid- 
ed by either Timer C or RCLK. 


Serial Output (output, active high) - SO is used to transmit serial data when the transmitter 
is enabled. 

Port 4 (inputs and outputs) - P4-8, P4-9, P4-14, and P4-15 may be used as general purpose 
outputs, and P4-10, P4-11, P4-12, and P4-13 may be used as general purpose inputs. Inter- 
rupts may be generated on the positive transitions on P4-10 and P4-11. Depending on the 
mode selected, interrupts may be generated on the positive or the negative transitions on 
P4-12, and they may be generated on the positive, negative or combined transitions on 
P4-13. Additionally, these bits may be programmed to serve specific alternate functions, 
as listed below. 


Timer A Output (output) - TAO may be programmed for special functions in the interval, 
event, and pulse/period modes for Timer A. In the interval mode, TAO’s state is determined 
by the Timer A latch (high and low) that is currently active. That is, if the counter is using 
the high latch for comparison, TAO is high. In the event mode, TAO is initialized to a ‘‘1” 
state and toggles each time the counter matches the Timer A high latch. In the pulse/period 
modes, TAO is initialized to a “1” state and toggles on positive transitions on TAI. 


Timer B Output (output) - TBO may be programmed for special functions in the interval 
and one-shot modes for Timer B. In the interval mode, TBO is initialized to a “1” state and 
toggles each time the counter matches the Timer B latch value. In the one-shot modes 
TBO is initialized to a “1” state, and the counter begins counting in response to the occur- 
rence of an active edge on TBI. TBO will not go low until the counter matches the value 
loaded into the Timer B latch. 





Timer A Input (input, positive and/or negative edge triggered) - TAl may be programmed 
for special functions in the event mode or the pulse/period modes for Timer A. In the event 
mode, the counter is incremented on each active transition (positive or negative edge 
programmable) on TAI. In the pulse/period modes, the counter measures the time during 
which the signal on TAI remains high and low. 


Timer B Input (input, positive or negative edge triggered) - TBI may be programmed for 
special functions for the Timer B one-shot modes. In the one-shot modes, TBI acts as a 
trigger input. 


Strobe High Byte, Strobe Low Byte (input, active high) - STRH and STRL are both used 
for input, output and bidirectional handshaking on Port 0. These signals are issued by the 
peripheral to acknowledge the receipt of data made availa: le by the MK68HC200, or are 
issued by the peripheral to load data from the peripheral into the Port 0 input register. 


Ready High Byte, Ready Low Byte (output, active high) - RDYH and RDYL are used for 
input, Output, and bidirectional handshaking on Port 0. The ready signal goes active to | 
| 


| 


indicate that peripheral data is stable and ready for transfer to the peripheral or is used 
when Port 0 is empty and is ready to accept data from the peripheral. 
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GENERAL DESCRIPTION 


MK68HC200 designates a series of new _ high- 
performance, 16-bit, single-chip microcomputers from 
Thomson Components - Mostek Corporation. Im- 
plemented in 1.5 micron HCMOS technology, they in- 
corporate an architecture designed for superior 
performance in computation-intensive control applica- 
tions. A modern, comprehensive instruction set (which 
features both high speed execution and code space ef- 
ficiency) is combined on-chip with extensive, flexible I/O 
capabilities. On-chip RAM and optional on-chip ROM 
are provided with a full 64K byte addressing space. 


The MK68HC200 can be used to design a true appli- 


CLOCK 
INTERRUPT CONTROLLER 


VO BUS 


TIMER A 
TIMER C 


EXTENSION aor EEN ieee 


SERIAL V/0 


EXTENSION 


68HC200 
CPU CORE 





cation specific microcontroller. The circuit is partitioned 
into three major functional blocks: CPU, memory, and 
I/O. The CPU is the core of the circuit and communi- 
cates with the memory via the memory address and 
data bus, and with the I/O via the I/O bus. New I/O or 
memory modules can be designed and added to the 
CPU core to customize the MK68HC200 for a particu- 
lar application. The initial product offerings in the 


~ MK68HC200 family will contain I/O and memory fea- 


tures listed above. This is consistent with the features 
available on the NUOS MK68200. Future product offer- 
ings will contain various assortments of on-chip I/O and 
memory modules. 


SUPPLY 


Figure 2. MK68HC200 - Modular Architecture Concept 
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FUNCTIONAL DESCRIPTION 


MK68HC200 APPLICATIONS 


The MK68HC200 is designed to serve the needs of a 


wide variety of control applications, which require high 
performance operation with a minimal parts count im- 
plementation. Industrial controls, instrumentation, and 
intelligent computer peripheral controls are all exam- 
ples of applications served by the MK68HC200. High 
speed mathematical ability, rapid 1/O addressing and 
interrupt response, and powerful bit manipulation in- 
structions provide the necessary tools for these appli- 
cations. In addition to its single-chip microcomputer 
configuration, both distributed intelligence and parallel 
multiprocessing system configurations are supported 
by the MK68HC200, as illustrated in Figures 9 and10. 


In applications requiring loosely-coupled distributed in- 
telligence, several MK68HC200’s may be interconnect- 
ed on a common serial network. The on-chip USART 
supports a wake-up mode in which an additional bit is 
appended to the data stream to distinguish a serial data 
word as address or data. The wake-up logic prevents 
the serial channel from generating interrupts unless cer- 
tain criteria have been met. The wake-up options avail- 
able are: Wake-up on any address or data character, 
wake-up on any address, or wake-up on address 
match. 


Alternately, the MK68HC200 may be configured as an 
expandable CPU device which can access external 
memory and I/O resources. In this operating mode, 
parallel I/O pins are replaced by multiplexed ad- 
dress/data and control lines. Bus arbitration logic is in- 
corporated on the chip to support a direct interface in 
parallel shaded bus multiprocessor system configura- 
tions. Two versions exist which support two types of con- 
trol signals present on the expanded bus configuration. 
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The General Purpose (GP) bus option allows the 


MK68HC200 to operate either as an executive or a 
peripheral processor. As an executive processor, the 


MK68HC200 can control an external system bus and 
grant the use of it to requesting devices, such as DMA 
controllers and/or peripheral processors. As a peripheral 
control processor, the MK68HC200 can provide intelli- 
gent local control of an I/O device in a computer sys- 
tem and, thereby, relieve the executive processor of 
these taks. In this configuration, the MK68HC200 has 
the capability of effectively performing DMA transfers 
between system memory and the I/O device. The on- 
chip resources of ROM, RAM, and I/O are accessed 
within the MK68HC200 without affecting utilization of 
the shared system bus. Therefore, only external com- 
munications compete for bus bandwidth. 


The Universal Peripheral Controller (UPC) bus option 
supports a direct interface to a 68000 executive proces- 
sor. Thus, the MK68HC200 can be used as a cost- 
effective intelligent peripheral controller in 68000 sys- 
tems. The UPC version’s direct bus interface to the 
68000 makes the MK68HC200 particularly well-suited 
for performing many intelligent I/O functions in a 68000 
system. For example, since the MK68HC200 includes 
both a serial channel and an external bus capable of 
performing DMA transfers, it can be programmed to act 
as serial protocol controller with DMA capability. 


For additional information on the MK68HC200 refer to 
the MK68HC200 Principles of Operation Manual, pub- 
lication number 4430196. 


PROCESSOR ARCHITECTURE 


The MK68HC200 microcomputer contains an advanced 
processor architecture, combining the best properties 
of both 8- and 16-bit processors. A large majority of in- 
structions operate on either byte or word operands. 





MK68HC200 





REGISTERS 

Pointer. The six address registers may be used 
The MK68HC200 register set includes three system either for 16-bit data or for memory addressing. The 
registers, six address registers, and eight data registers. eight 16-bit data registers are used for data and may 
The three 16-bit system registers (Figure3) include a be referenced as sixteen 8-bit registers, providing great 
Program Counter, a Status Register, and a Stack flexibility in register allocation. 


DATA REGISTERS: 


DO 
 o1 
D2 
D3 
D4 


D5 


D6 


D7 





15 14 #13 12 #141 «2410 9 8 7 6 5 4 3 2 1 0 


ADDRESS REGISTERS: 


Al 


A3 


A4 
AS 
15 14 #13 #12 ~=«11 10 9 8 7 6 5 4 3 2 1 Oo 


SYSTEM REGISTERS: 


otal 


15 14 13 12 #11 #10 9 8 7 6 5 4 3 2 1 0 
15 14 13 12 #11 #2410 9 8 7 6 5 4 2 2 1 ie) 


LEVEL 1 INTERRUPT NEGATIVE 
ENABLE 





ZERO 
OVERFLOW 
CARRY 


Figure 3. Register Set 
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ADDRESSING 


The MK68HC200 directly addresses a 64K byte 
memory space, which is organized as 32K 16-bit words. 
The memory is byte-addressable, but most transfers oc- 
cur 16 bits at a time, for increased performance over 
8-bit microcomputers. All input/output is memory- 
mapped, and the on-chip I/O is situated in the top 1K 
bytes of the address space. In the single-chip mode, 
all resources including ROM, RAM, and I/O, are ac- 
cessed via an internal or private bus. The memory map, 
which is accessed by this bus in the single-chip mode, 
is depicted in Figure 4. Note on-chip RAM always be- 
gins at $FBFF and extends downward. ROM always be- 
gins at zero and extends upward. 


Nine addressing modes provide ease of access to data 
in the MK68HC200, as depicted in Table 1. The four 
register indirect forms utilize the address registers and 
the Stack Pointer and support many common data 
structures Such as arrays, stacks, queues, and linked 
lists. I/O Port addressing is a short form addressing 
mode for the first 16 words of the I/O port space and 
allows most instructions to access the most often refer- 
enced I/O ports in just one word. Many microcomputer 
applications are {/O intensive and short, fast address- 
ing of I/O has a significant impact on performance. 


ADDRESS 
SFFFF 


$FC28 
$FC27 
$FCOO 
SFBFF 


$FAO00 


$4000 
S$3FFF 


$0020 
$001F 
$0000 





Table 1. Addressing Modes 


Register 

Register Indirect 

Register Indirect with Post-increment 
Register Indirect with Pre-decrement 


Register Indirect with Displacement 
Program Counter Relative 

Memory Absolute 

Immediate 

/O Port 





CONTENTS 


FUTURE I/O EXPANSION AREA 
(RESERVED) 


PORT 0 THROUGH PORT 19 


ON-CHIP RAM (UP TO 512 BYTES) 


FUTURE RAM AND 
ROM EXPANSION 


ON-CHIP 
(UP TO 16384 BYTES) 


INTERRUPT 
VECTORS 


Figure 4. Addressing Space For Single-Chip Configuration 
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INSTRUCTION SET 


The MK68HC200 instruction set has been designed 
with regularity and ease of programming in mind. In ad- 
dition, instructions have been encoded to minimize 
code space, a feature which is especially important in 
single-chip microcomputers. Small code space is relat- 
ed to execution speed, and most instructions execute 
in either three or six instruction clock periods. See Ta- 
ble 2. 


In addition to operations on bytes and words, the 
MK68HC200 has rapid bit manipulation instructions that 
can operate on registers, memory, and ports. The bit 
to be affected may be an immediate operand of the in- 
struction, or it may be dynamically specified in a 
register. Operations available include bit set, clear, test, 


change, and exchange; and all bit operations perform 
a bit test as well. Since each instruction is indivisible, 
this provides the necessary test-and-set function for the 
implementation of semaphores. 


The MOVE group of instructions has the most exten- 
sive capabilities. A wide variety of addressing mode 
combinations is supported including memory-to- 
memory transfers. A special move multiple is included 
to save and restore a specified portion of the registers 
rapidly. 


In total, the MK68HC200 instruction set provides a 
programming environment, similar to the 68000, which 
has been optimized for the needs of the single-chip 
microcomputer marketplace. A summary of the instruc- 
tion set is provided in Table 3. 


Table 2. Instruction Execution Times 


Instruction Type 
Move Register-to-register 


( 


Move Memory-to-register 


Add Register-to-register (binary or BCD) 


Add Register-to-memory 
Multiply (16 x 16) 
) 


Move Multiple (save or restore all registers) 


Divide (32/16 


Clock 


Periods 


ye) 


: 
~ 
oi 
o 
BN 
co 
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Execution Time/Execution Time|Execution Time| 
with 8 MHz with 10 MHz | with 12.5 MHz 
Clock (us) Clock (us) Clock (us) 
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INSTRUC- | 
TION 


ADD 
ADD.B 
ADDC 
ADDC.B 
AND 
AND.B 
ASL 
ASL.B 
ASR 
ARS.B 
BCHG 
BCLR 
BEXG 
BSET 
BIST 
CALLA 
CALLR 
CLR 
CLR.B 
CMP 
CMP.B 
DADD 
DADD.B 
DADDC 
DADDC.B 
DI 
DIVU 
DJNZ 


DJNZ.B 


DNEG 
DNEG.B 
DNEGC 
DNEGC.B 


DSUB 
DSUB.B 
DSUBC 
DSUBC.B 


EI 
EOR 
EOR.B 
EXG 
EXG.B 
EXT 
HALT 
IDLE 


MK68HC200 


Table 3. instruction Set Summary 


INSTRUC- 
TION DESCRIPTION 


DESCRIPTION 


ADD 

ADD BYTE 

ADD WITH CARRY 

ADD WITH CARRY BYTE 
LOGICAL AND 

LOGICAL AND BYTE 
ARITHMETIC SHIFT LEFT 
ARITHMETIC SHIFT LEFT BYTE 
ARITHMETIC SHIFT RIGHT 
ARITHMETIC SHIFT RIGHT BYTE 
BIT CHANGE 

BIT CLEAR 

BIT EXCHANGE 

BIT SET 

BIT TEST 

CALL ABSOLUTE 

CALL RELATIVE 

CLEAR 

CLEAR BYTE 

COMPARE 

COMPARE BYTE 

DECIMAL ADD 

DECIMAL ADD BYTE 

DECIMAL ADD WITH CARRY 
DECIMAL ADD WITH CARRY BYTE 
DISABLE INTERRUPTS 

DIVIDE UNSIGNED 
DECREMENT COUNT AND JUMP 
IF NON-ZERO 

DECREMENT COUNT BYTE AND 
JUMP IF NON-ZERO 

DECIMAL NEGATE 

DECIMAL NEGATE BYTE 
DECIMAL NEGATE WITH CARRY 
DECIMAL NEGATE WITH CARRY 
BYTE 

DECIMAL SU8TRACT 

DECIMAL SUBTRACT BYTE 
DECIMAL SUBTRACT WITH CARRY 
DECIMAL SUBTRACT WITH CARRY 
BYTE 

ENABLE INTERRUPTS 
EXCLUSIVE OR 

EXCLUSIVE OR BYTE 
EXCHANGE 

EXCHANGE BYTE 

EXTEND SIGN 

HALT 

IDLE 


JMPA 
JUMPR 
LIBA 
LINK 
LIWA 
LSR 
LSR.B 
MOVE | 
MOVE.B 
MOVEM 
MOVEM.B 
MULS 
MULU 
NEG 
NEG.B 
NEGC 
NEGC.B 
NOP 
NOT 
NOT.B 
OR 


TESTN.B 


| UNLINK 
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JUMP ABSOLUTE 

JUMP RELATIVE 

LOAD INDEXED BYTE ADDRESS 
LINK 

LOAD INDEXED WORD ADDRESSED 
LOGICAL SHIFT RIGHT 

LOGICAL SHIFT RIGHT BYTE 
MOVE 

MOVE BYTE 

MOVE MULTIPLE REGISTERS 
MOVE MULTIPLE REGISTERS BYTE 
MULTIPLY SIGNED 

MULTIPLY UNSIGNED 

NEGATE 

NEGATE BYTE 

NEGATE WITH CARRY 

NEGATE WITH CARRY BYTE 

NO OPERATION 

ONE’S COMPLEMENT 

ONE’S COMPLEMENT BYTE 
LOGICAL OR 

LOGICAL OR BYTE 

POP 

POP MULTIPLE REGISTERS 
PUSH 

PUSH MULTIPLE REGISTERS 
RETURN FROM SUBROUTINE 
RETURN FROM INTERRUPT 
ROTATE LEFT 

ROTATE LEFT BYTE 

ROTATE LEFT THROUGH CARRY 
ROTATE LEFT THROUGH CARRY 
BYTE 

ROTATE BYTE 

ROTATE RIGHT BYTE 

ROTATE RIGHT THROUGH CARRY 
ROTATE RIGHT THROUGH CARRY 
BYTE 

STOP 

SUBTRACT 

SUBTRACT BYTE 

SUBTRACT WITH CARRY 
SUBTRACT WITH CARRY BYTE 
TEST 

TEST BYTE 

TEST NOT 

TEST NOT BYTE 

UNLINK 
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INPUT/OUTPUT ARCHITECTURE 


The 1/O capabilities of the MK68HC200 are extensive, 
encompassing timers, a serial channel, parallel I/O, and 
an interrupt controller. All of these devices are acces- 
sible to the programmer as ports within the top 1K bytes 
of the address space, and the most commonly ac- 
cessed ports may be accessed with the short port 
addressing mode. A description of these ports is given 
in Table 4. 





In total, 40 pins of the 48 are used for I/O, and their 
functions are highly programmable by the user. In par- 
ticular, many pins can perform multiple functions, and 
the programmer selects which ones are to be used. For 
example, TAI may be used as an input for Timer A, an 
interrupt Source, or a general purpose input pin. The 
interrupt source may be selected simultaneously with: 
either of the other functions. 


Table 4. Port Descriptions 








BYTE- 
PORT ADDRESS  READ/WRITE ADDRESSABLE FUNCTION 
0  $FCOO READ/WRITE YES 16 EXTERNAL I/O PINS OR ADDRESS/DATA BUS 
1  $FCO02 READ/WRITE YES 16 EXTERNAL I/O PINS (INCLUDING INTERRUPT, 
SERIAL VO PINS, AND BUS CONTROL) 
2  $FC04 _ = (RESERVED) 
3 $FC06 LOW BYTE: READ/WRITE YES SERIAL TRANSMIT (LOW BYTE) AND 
HIGH BYTE: READ RECEIVE (HIGH BYTE) BUFFER 
4 $FCO08 INPUTS: READ ONLY NO 8 EXTERNAL I/O PINS (TIMER CONTROL 
OUTPUTS: READ/WRITE AND PORT 0 HANDSHAKE CONTROL) 
5  $FCOA a = (RESERVED) 
6  $FCOC 2s — ' (RESERVED) 
7 $FCOE READ/WRITE NO INTERRUPT LATCH REGISTER 
8  $FC10 READ/WRITE NO INTERRUPT MASK REGISTER 
9 $FC12 STATUS: READ ONLY NO SERIAL I/O RECEIVE CONTROL AND STATUS 
CONTROL: READ/WRITE 
10 $FC14 STATUS: READ ONLY NO SERIAL /O TRANSMIT CONTROL AND STATUS 
CONTROL: READ/WRITE 
11 $FC16 READ GETS COUNTER NO TIMER B LATCH 
WRITE GOES TO LATCH 
12 $FC18 READ GETS COUNTER 
OR LATCH NO TIMER A, LOW LATCH 
WRITE GOES TO LATCH 
13. $FCIA READ GETS COUNTER 
OR LATCH NO TIMER A, HIGH LATCH 
WRITE GOES TO LATCH 
14. $FCIC READ/WRITE NO TIMER AND HANDSHAKE CONTROL 
15 $FCIE STATUS: READ ONLY NO EXPANDED BUS CONTROL AND STATUS 
CONTROL: READ/WRITE 
16 $FC20 READ/WRITE NO PORT 0 DIRECTION CONTROL (DDRO) 
17 $FC22 READ/WRITE NO PORT 1 DIRECTION CONTROL (DDA1) 
18  $FC24 READ/WRITE NO SERIAL 1/0 MODE AND SYNC REGISTER 
19  $FC26 READ GETS COUNTER NO TIMER C LATCH 


WRITE GOES TO LATCH 
AND COUNTER 
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TIMERS 


The MK68HC200 includes three on-chip timers, each 
with unique features. They are denoted Timer A, Timer 
B, and Timer C. All three timers are a full 16 bits in width, 
and count at the instruction clock rate of the 
MK68HC200 processor. Thus, this rate provides a reso- 
lution equal to the instruction clock period (tc) of the 
MK68HC200. The maximum count interval is equal to 
tc +2'6, Each timer has the capability to interrupt the 
processor when it matches a predetermined value 
stored in an associated latch. 


Timer A is capable of operating in interval, event, or two 
pulse/period modes. There is one 16-bit counter and 
two 16-bit latches, a high latch (Port 13), and a low latch 
(Port 12), associated with Timer A. Once Timer A is in- 
itialized in the interval mode, the counter is reset, then 
increments at the instruction clock rate until the value 
loaded into the high latch is reached. The counter is 
then reset, increments until the low latch value is 
reached, and the cycle is repeated. In the event mode, 
the counter is incremented for every active edge on TAI 
(programmable as positive or negative) until the value 
in the high latch is reached. The counter is then reset, 
and the cycle repeats. In the pulse/period modes, the 
times are measured during which the applied pulse 
stays high and low. The counter is reset on the occur- 
rence of any transition on TAI, and increments at the 
instruction clock rate until the occurrence of the next 
transition. The value in the counter at the end of the 
high level or low level time is loaded into the appropri- 
ate latch. Interrupts may be generated each time the 
counter reaches the high latch or low latch value in the 
interval mode or when the counter reaches the high 
latch in the event mode. Also, an interrupt is generated 





whenever the counter overflows. See the Pin Descrip- 
tion section of the data sheet for TAl and TAO functions 
in the various Timer A modes. 


Timer B is capable of operating in interval or one-shot 
modes. There is one 16-bit counter and one 16-bit latch 
(Port 11) associated with Timer B. In the interval mode, 
the counter is initially reset and incremented at the in- 
struction clock rate until the value in the latch is 
reached. The counter is then reset, and the cycle 
repeats. In the one-shot modes, the counter begins in- 
crementing in response to an active transition (program- 
mable as positive or negative) on TBI. The counter is 
reset when the value in the Timer B latch is reached. 
In the retriggerable one-shot mode, active transitions 
on TBI always cause the counter to reset and begin in- 
crementing. In the non-retriggerable one-shot mode, ac- 
tive transitions on TBI have no effect until the counter 
reaches the latch value. Interrupts may be generated 
each time the counter reaches the latch value. See the 
Pin Description section of this data sheet for TBI and 
TBO functions in the various Timer B modes. 


Timer C has a 16-bit down counter and latch (Port 19) 
associated with it and operates only in the interval 
mode. The output of Timer C toggles each time the 
counter value rolls over from 0 to the latch value and 
may be used to internally supply the baud rate clock 
for the serial port. Also, an interrupt may be generated 
each time the counter rolls over to the latch value. Timer 
C may be output on the TCLK pin (P1-3), depending on 
the mode programmed. 


A detailed description of the Timer Control Port is given 
on the next page. 


Table 5. Timer Modes 








Modes 


Interval 
Event 







Interval 


Interval 
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Pulse Width and Period Measurement 


Retriggerable One-shot 
Non-retriggerable One-shot 


Baud Rate Generation 
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PORT 14—Timer Control Register; read/write 
$FC1IC 


RESERVED 





15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


TCE 0=Disables Timer C; all operations 
(Timer C Enable control) are inhibited, and the timer coun- 
ter is initialized. 
1=Enables Timer C; the timer 
begins operation as defined by 
the other Timer C control bits. 


TCOC 0=When TCO (Port 18) = 1, TCLK 
(Timer C Output control) is selected for use as a general 
purpose I/O pin. 
1=When TCO (Port 18) = 1, TCLK is 
selected for use as an output for 


Timer C. 
TCOC has no effect when TCO (Port 
18) = 0. 
TAM1, TAMO These bits select the: operating mode 
(Timer A Mode control) of Timer A as follows. 


TAM1 TAMO MODE 


0 0 Interval 

0 1 Event 

1 0 Pulse/period 1 

1 1 Pulse/period 2 
TAE O= Disables Timer A; all Timer A 
(Timer A Enable control) operations are inhibited, and 


the timer counter is initialized. 
1= Enables Timer A; the timer be- 

gins operation as defined by 

the other Timer A control bits. 


TAIC O= Selects a negative transition as 
(Timer A Input control) the active edge for TAI. 
1= Selects a positive transition as 
the active edge for TAI. 


TAOC O= Selects TAO as a general 
(Timer A Output control) / purpose output pin. 
1= Selects TAO as an ouput pin 
associated with Timer A; TAO 
is initialized low when TAOC is 
a one and TAE is zero. 


TBM1, TBMO These bits select the operating mode 
(Timer B Mode control) of Timer B as described below. 
TBM1 TBMO MODE 
0 0 Interval O 
(TBO is not t'sed) 
0 i Interval 1 
(TBO is used) 
1 0 Retriggerable one-shot 
1 1 Non-retriggerable one-shot — 
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TBE O= Disables Timer B; all oper- 
ations 
(Timer B Enable control) are inhibited, and the timer 


counter is initialized. 

1= Enables Timer B; the timer be- 
gins operation as defined by 
the other Timer B control bits. 


TBIC O= Selects a negative transition as 
(Timer B Input control) active on TBI. 
1= Selects a positive transition as 
active on TBI. 
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INTERRUPT CONTROLLER 


The MK68HC200 interrupt controller provides rapid 
service of up to 15 interrupt sources, each with a unique 
internal vector. The lowest 16 words of the address 
space contain the starting addresses of the service rou- 
tines of each potential interrupt source and reset, as 
shown in Figure 9. 


Interrupt Sources and RESET are prioritized in the ord- 
er shown in Figure 5, with RESET having the highest 
priority. When an interrupt is pending it sets the cor- 
responding bit in the interrupt latch located in Port 7. 
NMI is the only non-maskable interrupt. All of the other 
sources share an interrupt enable bit in the processor 


PORT 7 —Interrupt Latch Register; read/write 
$FCOE 


co 

















15 








4 13 1 +’ «10 «9 
PORT 8 —Interrupt Mask Register; read/write 
$FC10 
s | x S T T 
P : l T A A 
A | 2 R | Oo | 
ues) RiomiecdnM iM 
E M 
6 4 2% #172 #1 #« 10 9 


VECTOR NUMBER NAME 





=irivin 


(ee) 





RESET 


SPARE 

EXTERNAL INTERRUPT 2 
STROBE LOW 

TIMER A OUTPUT 

TIMER A INPUT 

STROBE HIGH 


RECEIVE NORMAL 
EXTERNAL INTERRUPT 1 
TIMER B OUTPUT 

TIMER B INPUT 
EXTERNAL INTERRUPT 0 
TRANSMIT 

TIMER C 


MMOOWPOANDODBR WHO 


NON-MASKABLE INTERRUPT 


RECEIVE SPECIAL CONDITION 





Status Register. This bit is automatically cleared 
whenever an interrupt is acknowledged. Also, each of 
these sources has a corresponding individual mask bit 
located in Port 8. This feature allows selective masking 
of particular interrupts, including the ability to choose 
(with minimal softwware overhead) any priority scheme 
desired. In fact, 15 levels of nested priority may be 
programmed. 


Note that the XI2 interrupt is detected on either a ris- 
ing or falling edge, depending upon the status of the 
XI2C bit (bit 12 in Port 14). An interrupt will be generat- 
ed on the falling edge if this bit is set to a ‘0’; however, 
if the bit is set to a ‘1’, an interrupt will be generated 
on the rising edge. 














7 6 4 3 2 1 0 
a a ee a ee ce ee 
S/n] ti? Beis] Bit};mMic 
c/}|/mM/i;O;t | ojyT IM 
M MiMi#M | Mi M | 
7 6 5&5 4 38 2 41 O 

MNEMONIC VECTOR LOCATION 

RESET 0000 L 

NMI ooo2 sf peers 

SPARE 0004 

xl2 0006 

STRL 0008 

TAO OO0A 

TAI 000C 

STRH 000E 

RSC 0010 

ae are LEVEL 1 

XI1 0014 

TBO 0016 

TBI 0018 

XI0 001A 

XMT 901C 

ic OIE 


Figure 5. Interrupt and Reset Vectors 
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SERIAL CHANNEL 


The serial channel on the MK68HC200 (Figure6 ) is a 
full-duplex USART with double buffering on both trans- 
mit and receive. Port 3 High Byte is the Receive Buffer, 
and Port 3 Low Byte is the Transmit Buffer. 


P18 
{8 15) 


MODE REGISTER 


P18 | SyNC/ADDRESS REGISTER 


(0:7) 






Word length, parity, stop bits, and modes are fully 
programmable. The asynchronous mode supports bit 
rates up to 781 Kbps with an external clock and up to 
390Kbps with an internal clock. The byte synchronous 
mode operates up to 3.125Mbps with either an internal 
or an external clock. 





RECEIVE CONTROL & 
STATUS REGISTER 





Pg 






RECEIVE SHIFT 
REGISTER 


RECEIVE BUFFER 





-~-$! 












PL3 


TRANSMIT BUFFER 
TRANSMIT SHIFT 
REGISTER 

TRANSMIT CONTROL & 
STATUS REGISTER 


so 





INTERNAL 1/0 BUS 


Figure 6. Serial Channel 


In addition to the typical USART functions, the serial 
channel can operate in a special wake-up mode with 
a wake-up bit appended to each data word, as illustrat- 
ed in Figure 7. This wake-up bit is used to differentiate 
normal data words and special address words. The 
receiver can be programmed to receive only address 
words or only address words with a specific data value. 
In this way, the processor can be interrupted only when 


it receives its particular address and can then change 
mode to receive the following data words. Wake-up 
Capability is especially useful when several 
MK68HC200 microcomputers are interconnected on 
one serial link. 


A detailed description of the serial channel control ports 
is given on the following pages. 







WAKE-UP 
(OPTIONAL) 





PARITY 
TART 
ar oN (OPTIONAL) 
| LSB __msBI 


Figure 7. Serial Frame Format 
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PORT 9 —Serial I/O Receive Control and Status Register; 
$FC12 High byte: control register; read/write 
Low byte: status register; read only 














Bit Descriptions: 


RE 0=Disabled; all status flags cleared. 
(Receiver Enable control) 1 =Enabled. 

IS 0= Disabled; interrupts may occur 
(Ignore Syncs control) on all characters received. 


1 =Enabled; interrupts cannot occur 
on sync characters received after 
the sync match is found. 


RW1, RWO The receiver wake-up control bits 
(Receiver Wake-up operate as follows. 
control) 


APPENDED BUFFER INTERRUPT 
__ MODE RW1 RWO WAKE-UP LOADED GENERATED 


No Wake 0 0 no any RN 
up character 
Wake-up 0 1 yes any RN 
on Any character 
Character 
Wake-up 1 0 yes address RSC 
on Address match 
Match 
Wake-up 1 1 yes any RSC 
on Any address 
Address 
RC O= Selects external receive clock 
(Receive Clock control) applied on RCLK. 


1 =Selects internal clock from the 
on-chip baud rate generator 
(Timer C) for the receive clock. 


This bit is ignored when either 
the TCO bit or the LM (Loopback 
Mode) bit is set. 
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SIS 
(Single Interrupt Select 
control) 


BF 
(Buffer Full status) 


OE 
(Overrun Error status) 


PE 
(Parity Error status) 


FE 
(Frame Error status) 


SF/AF 
(Sync Found or Address 
Found status) 


MODES 
SS IS RW1 RWO 
1 Xx xX Xx 
0 1 x x 
0 0 0 0 
0 0 1 1 
0 0 1 0 
0 0 0 1 


THOMSON SEMICONDUCTEURS 


MK68HC200 


0 = Separate vectors are generated 
for the Receive Normal and the 
Receive Special Condition in- 
terrupts. 

1=The Receive Normal vector is 
generated for all receive charac- 
ter interrupts. 


0=Receive data buffer empty. 
cleared when receive buffer is 
read. 

1 =Receive buffer full; set when an 
incoming word is loaded into the 
receive data buffer. 


O=No overrun error; cleared when 
the status register is read. 

1 =Overrun error; set when a new 
word has been received and the 
previous word has not been read 
from the receive data buffer. 


0=No Parity Error; cleared when 
the status register is read. 

1=Parity Error; set when a parity 
error has been detected on an 
incoming character in the data 
stream. 


0=No frame error; cleared when 
the status register is read. 

1=Frame error; set when a word ts 
transferred to the receive data 
and no stop bit has been 
recognized. 


The FE flag applies to async for- 
mats only. 


This flag is used for both sync 
character match conditions and 
address found conditions in some 
wake-up modes as follows. SS 
stands for Sync Search mode. 


CONDITIONS THAT SET SF/AF 


Sync Found on any bit boundry 
unaffected 

unaffected 

Any Address 

Address Match 

unaffected 
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PORT 10—Serial I/O Transmit Control and Status Register 





$FC14 High byte: control register; read/write 
Low byte: status register; read only 
T A L 
E T M 


15 14 13 12 11 10 9 8 


Bit Descriptions: 


TE 
(Transmitter Enable control) 


AT 
(Automatic Turn Around control) 


LM 
(Loopback Mode control) 


TW1, TWO 
(Transmit Wake-up control) 


TC 
(Transmit Clock control) 


P/S 
(Previous/Sync control) 
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(reserved) 









0= Disable the transmitter; any 
word being shifted out will con- 
tinue until completion. 

1 =Enable the transmitter. 


0O=No effect on TE or RE. 

1=Causes RE to be set to a “1” 
and TE to be set to a “0” au- 
tomatically at the end of a 
transmission. 


0=Disables loopback mode. 

1 =Causes the transmitter output 
to be internally connected to 
receiver input. Also causes 
Timer C to be used for both 
the transmit and receive clocks 
regardless of the state of TC, 
RC, TCO, and TCOC. 


These bits provide control for 
wake-up operation as follows. 





TW1 TWO OPERATION | 
1 0 Transmit Data 
1 1 Transmit Address 
0 X No Wake-up 


0 = Selects the external clock 
signal applied on TCLK for the 
transmit clock. 

1 = Selects the internal baud rate 
generator output (Timer C) for 
the transmit clock. 


The TC bit is ignored if either the 
TCO bit or the LM bit is set. 


0=Selects continuous transmis- 
sion of the contents of the sync 
character register in the syn- 
chronous mode when there is 
no data to transmit. 

1 =Selects continuous transmis- 
sion of the transmit dz’a buffer 
in synchronous mode when 
there is no data to transmit. 
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nee 


BE 0=Transmit Buffer is full; reset to 
(Buffer Empty status) this condition after the transmit 
buffer is reloaded. 
1=Transmit Buffer is empty: set to 
this condition after the transmit 
buffer contents are transferred to 
the output shift register. 


UE O0=No underrun error; cleared 
(Underrun Error status) following a read of the transmit 
buffer. 


1 =Underrun error; set only in the 
synchronous mode when the last 
word has been shifted out and 
transmit buffer has not been 


reloaded. 
END 0=No end of transmission; cleared 
(End of Transmission status) by enabling the transmitter. 


1=End of transmission detected: set 
when the transmitter is disabled 
and the last character has been 








shifted out. 
PORT 18—Serial I/O Mode and Sync Register: read/write 
$FC24 
A WwW W S P P iT W Ss Ss , §S : S Ss S$; S. § 
ee Wee Apo ee ae loess YS a ay 
S 1 0 R R O N | Ni NN | Nj ON N N 
1 0 C C CC; Cc | Cc) h6UcClL Ce 
ae nee oe ee 2 ee 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Bit Descriptions: 
AIS 0 =Selects synchronous operation for 
(Asynchronous/Synchronous mode the serial port; transmit and 
control) receive clocks are divided by 1. 


1=Selects asynchronous operation 
for serial port; transmit and 
receive clocks are divided by 16. 


WL1, WLO These two bits select the length of 
(Word Length control) the data word as follows. 


WL1 WLO Word Length 


0 0 8 bits 
0 1 7 bits 
1 06 bits 
1 1 5 bits 
ST This bit is only used in the 
(Stop Bit control) asynchronous mode. It selects the 


number of stop bits transmitted. 


ST Number of Sto.» Bits 


0 1 
1 2 
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PAR1, PARO 
(Parity control) 


TCO 
(Timer C Output mode 
control) 


WS 
(Wake-up Sense) 


SYNC7-SYNCO 
(Sync character bits) 


MK68HC200 
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These two bits provide parity control 
for both the synchronous and asyn- 
chronous modes. 


PAR1 PARO Parity 


0 0 no parity 

0 1 fixed ‘‘O” parity 
1 0 odd parity 

1 1 even parity 


Note that even parity is defined such 
that the sum of the data and parity 
bits is even. 


O= Disables Timer C output mode. 

1= Enables Timer C output mode; 
disables Timer C’s use as a baud 
rate generator when LM = 0; 
causes transmit and receive 
clocks to be internally connected 
to RCLK so that TCLK may be 
used either as general purpose 
/O or aS an output for Timer C. 


The following table lists the effects 
of the WS bit. 


WS Wake-up bit Meaning 


0 0 Address Word 
0 1 Data Word 
1 0 Data Word 


1 1 Address Word 
These eight bits are used to store 
the sync character or the device ad- 
dress for the wake-up mode. 
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PARALLEL I/O AND HANDSHAKING 


Two 16-bit ports, PO and P1, may be used for parallel 
i/O. If individual bits are desired, each of the 32 bits may 
be separately defined an input or output. This is 
achieved by setting the corresponding bits in the Data 
Direction Registers, Port 16 (Data Direction Register for 
Port 0) and Port 17 (DDR for Port 1). Bits may be 
grouped to provide the exact data widths desired. 


ms a a I TRE PST AT SS OS PT I ITP EE IT SIT DE ETN TE TS PT EE SO ET IES ELIE A IE SE ETE ET TE IE EE 


Eight additional !/O bits are provided in Port 4. Bits 15, 
14, 9 and 8 are output only, and bits 13, 12, 11 and 10 
are input only. 


Port 0 has the additional capability of operating under 
the control of external handshaking signals. Eight-bit 
or sixteen-bit sections of PO may be individually con- 
trolled as input, output or bidirectional 1/O. This is 
achieved by programming the handshake control bits 
as detailed below. 


PORT 14— Handshake Control Register; read/write 


$FC1C 


TIMER CONTROL 





15 14 13 12 11 10 9 
Bit Descriptions: 


HSE 
(Handshake enable control) 


HSM2, HSM1, HSMO 
(Handshake Mode control) 


0 =Handshaking is disabled. 
1 =Handshaking is enabled. 


The handshake mode bits operate as 
follows: 


HSM2 HSM1 HSMO HIGH HANDSHAKE LOW HANDSHAKE 


Two pairs of Ready and Strobe signals, which are avail- 
able as programmable options on Port 4, provide the 
necessary control for handshaking. 


P4-9/RDYH, P4-8/RDYL 

(Ready High Byte, Ready Low Byte) 

Output, active high. RDYH and RHYL are used for in- 
put, output, and bidirectional handshaking on Port 0. 


1) Output mode: The ready signal goes active to indi- 
cate that the Port 0 output register has been load- 
ed, and the peripheral data is stable and ready for 
transfer to the peripheral device. 


2) Input mode: The ready signal is active when the Port 
0 input register is empty and is ready to accept data 
from the peripheral device. 


3) Bidirectional mode: The RDYH signal is active when 
data is available in Port 0 output register for trans- 
fer to the peripheral device. In this mode, data is not 
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0 0 0 Inactive PLO or PO output 

0 0 1 PHO output PLO output 

0 1 0 Inactive PLO input 

0 1 1 PHO input PLO input 

1 0 0 PHO input PLO output 

1 0 0 inactive PO input (word only) 

1 1 0 PLO output PLO input (bidirectional) 
1 1 1 PO output PO input (bidirectional) 


placed on the Port 0 data bus unless STRH is ac- 
tive. The RDYL signal is active when the Port 0 in- 
put register is empty and is ready to accept data from 
the peripheral device. 


P4-11/STRH, P4-10/STRL 

(Strobe High Byte, Strobe Low Byte) 

Input, active high. STRH and STRL are both used for 
input, output, and bidirectional handshaking on Port 0. 


1) Output Mode; The positive edge of this strobe is is- 
sued by the peripheral to acknowledge the receipt 
of data made available by the MK68HC200. 


2) Input mode: The strobe is issued by the peripheral 
to load data from the peripheral into the Port 0 input 
register. Data is latch..d into the MK68HC200 on the 
negative edge of this signal. 


3) Bidirectional mode: When the STRH signal is active, 
data from the Port 0 output register is gated onto the 
Port 0 bidirectional data bus. 
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The negative edge of STRH acknowledges the receipt 
of the output data. The negative edge of the signal ap- 
plied to the STRL signal is used to latch input data into 
Port 0. 


EXPANDED BUS OPERATION 


When it is necessary to expand beyond the on-chip 
complement of RAM, ROM, or I/O, or when operation 
in a parallel multiprocessing system is desired, the 
MK68HC200 may be placed in an external bus mode. 
The MODE pin is used to select the expansion capa- 
bility on power-up and reset to one of the following 





MODE PIN 

Voc - No expansion (single chip mode) 
GND - Partial Expansion 

CLKOUT - Full Expansion 


By programming the appropriate bits in Port 15 (which 
are described below), the MK68HC200 may be recon- 
figured dynamically. In an expansion mode Port 0 be- 
comes the 16-bit multiplexed address/data bus and 
eight bits from Port 1 become control signals which han- 
dle data transfer and bus arbitration. Sixteen lines are 
still available for I/O functions, including eight lines from 
Port 1 and all eights lines of Port 4. See figure 8 for the 
expanded bus pinout. The following page describes the 


states: 


functions of the expanded bus pins. 


PORT 15— Expanded bus control and status register 
High byte: read/write 
Low byte: read only 


$FCIE 





15 14 13 12 11 10 9 


Bit Descriptions: 


SEG1, SEGO 
(Segment bits) 


BLCK 

(Bus Lock control) 

F/S 

(Fast/Standard timing control) 


EXP 

(Expanded Mode control) 
FIP 

(Full/Partial control) 
UPC/GP_ 

(UPC/GP status) 

RIG a 
(Request/Grant status) 
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(reserved) 


N | DVOQ|~OVC 


Used in the expanded bus mode when a 
reference is made to the DMA window. The 
contents of SEG1 and SEGO are then out- 
put on pins AD15 and AD14, respectively. 


0O=Disables the bus lock function. 
1=Enables the bus lock function. 


0=Selects standard timing of read/write 
cycles on the external bus (4 clock 
periods). 

1 = Selects fast timing of read/write cycles on 
the external bus (3 clock periods.) 


0=Expanded mode is disabled. 
1=Expanded mode is enabled. 


0=Partial expand when EXP bit is set to 1. 
1=Full expand when EXP bit is set to 1. 


0=Part is programmed in GP mode. 
1=Part is programmed in UPC mode. 


0=Part is programmed bus grantor. 
1=Part is programmed bus r questor. 
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MNEMONIC 


R/W 


DTACK 


De eae et 
MNEMONIC 
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PIN FUNCTIONS FOR EXPANDED BUS OPERATION (Common for GP and UPC options) 






Read/Write (output, active high and low) - R/W determines whether a read or a write is being 
performed during the current bus cycle. It is stable for the entire bus operation. A high signal 
denotes a read, and a low signal denotes a write. 


Data Transfer Acknowledge (input, active low) - When the addressed device has either placed 
the requested read data on the bus or taken the write data from the bus, DIACK should be 
brought low to signify completion. The data portion of the bus cycle will be extended indefinitely 
until this signal is asserted. For systems using the GP bus, in which no devices need wait states, 
DTACK may be strapped low. 








Address Strobe (output, active low) - AS is used to signify that the address is stable on the 
multiplexed bus. AS is high at the beginning of each bus cycle, goes low after the address has 
stabilized, and returns to the high state near the end of the bus cycle. 











PIN FUNCTIONS FOR UPC BUS OPERATION 





— 


UDS 









P4-11/R/G 





BUSOUT 
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Upper Data Strobe (output, active low) - UDS is used to signify the data portion of the bus cycle 
for the upper byte of the data bus. For read operations, UDS should be used by the external device 
to gate its most significant byte onto the multiplexed address/data bus. For writes, UDS signifies 
that the lower byte of the bus contains valid data to be written from the processor. 


Lower Data Strobe (output, active low) - LDS is used to signify the data portion of the bus cycle 
for the lower byte of the data bus. For read operations, LDS should be used by the external device 
to gate its least significant byte onto the multiplexed address/data bus. For writes, LDS signifies 
that the lower byte of the bus contains valid data to be written from the processor. 





Bus Request (output, active low, open drain) - BR goes low when the MK68HC200 requires 
external bus master status. 


Bus Grant (input, active low) - BG notifies that the MK68HC200 has been granted the external 
bus master status. 


Bus Grant Acknowledge (output, active low, open drain) - The MK68HC200 will assert BGACK 
when it assumes mastership of the system bus. 




















PIN FUNCTIONS FOR GP BUS OPERATION 





Request/Grant (input) - During reset, P4-11 served as the R/G input (0 = bus grantor, 1 = bus 
requestor). Following reset, and at all times during program execution, P4-11 may be used as 
a general purpose input pin. 


Data Strobe (output, active low) - DS is used to signify the data portion of the bus cycle. For 
read operations, DS should be used by the external device to gate its contents onto the multi- 
plexed address/data bus. For writes, DS signifies that valid data from the processor is on the bus. 


High Byte (output, active low) - HB signifies that the upper byte of the data is to be read or 
written. HB remains active for the entire bus cycle. 


Low Byte (output, active low) - LB signifies that the lower byte of the data bus is to be read 
or written). LB remains active for the entire bus cycle. 





Bus Input (input, active low) - BUSIN provides either bus request or bus grant. When the 
MK68HC200 is the bus grant device, its BUSIN signal is a bus request input from a requesting 
device on the bus. When the MK68HC200 is a bus request device, its BUSIN signal is a bus 
grant from the granting device on the bus. | 











Bus Output (output, active low) - BUSOUT provides the oppos te function of BUSIN. When | 
BUSIN is a bus request signal, BUSOUT is a corresponding bus grant, and vice versa. | 
| 


THOMSON SEMICONDUCTEURS 


3-100 








MK68HC200 


PORT 
4 


\ TIMERS | 


TAO 
TBO 
TAI 
TBI 
RIG 


15 
14 
13 
12 
11 





9 
MULTIPLEXLD 8 MK68HC201 
ADDRESS’ MK68HC211 
DATA 7 
BUS 6 
5 
4 
3 
2 
1 
0 
(eo) 
Oe x =x /& 
>ol8 2oo'2 
mee, 


MODE 





UPC 


i?) 
vu 





of 15 tos 1 
o| 14 0DS HB 
o} 13 RW RIW 
o} 12 BGACK dS ONTRRE 
ait) DTACK DTACK 
of 10 AS AS 
BG BUSIN 
2 aa BUSOUT eon 
Ae) ; 
X12 
ses EXTERNAL 
INTERRUPTS 
x10 


si 
RCLK 
TCLK 
so 


SERIAL 


or NU WwW ke FAN @B O 


Figure 8. MK68HC201, MK68HC211 Logical Pinout Expanded Bus 


As shown in figure 8, two different control bus versions 
are available: a Universal Peripheral Controller (UPC), 
and which generates 68000 compatible bus signals, 
and a General Purpose (GP) bus, which can be used 
to interface to a wide variety of existing microproces- 
sor buses. With the selection of an expanded bus mode, 
the MK68HC200 can act either as a general purpose 
CPU chip (bus grant device) or as an intelligent 
peripheral I/O controller to a host CPU (bus request 
device). These two system configurations are illustrat- 
ed in figures 9 and10. 


‘with the GP bus option, the user may configure the 
MK68HC200 in either of the two ways shown in figures 
9 and10. As a host CPU (Figure 9), the MK68HC200 
bus arbitration logic causes the device to act as the sys- 
tem bus grantor. In other words, the MK68HC200 would 
have control of the system bus and would grant its use 
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to DMA devices or peripheral CPUs. Alternately the 
MK68HC200 may be configured as a peripheral CPU 
(Figure 10) that must issue a request to the bus grant 
device before being allowed to use the system bus. The 
selection of one of these two configurations is accom- 
plished by the P4-11 pin at reset time. During reset, 
P4-11 serves as the R/G input (0 = bus grantor, 1 
bus requestor). Following reset and at all times during 
program execution, P4-11 may be used as a general 
purpose input pin. 


With the GP bus opera ing in the host CPU configura- 
tion, the MK68HC200 may be used to interface with ex- 
ternal memory and I/O devices in a manner that is 
analagous to any general purpose microprocessor. Ad- 
ditionally, the MK68HC200 retains its on chip RAM and 
/O resources, with on-chip ROM as an option, 
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Figure 9. Host CPU Hardware Configuration 
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Figure 10. Peripheral I/O Controller Configuration 
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depending on the expansion configuration selected. 
BUSIN and BUSOUT are used to perform the bus 
arbitration handshake function, where BUSIN acts as 
the bus request input and BUSOUT as the bus grant 
output. 








In the full expansion configuration, any on-chip ROM 
is disabled, and program memory starting at iocation 
$0000 is located off-chip and is addressed via the 
expanded bus, as shown in Figure 12. In effect, the 
internal bus from locations $0000-$FAFF is mapped 
onto the external bus. In the partially expanded config- 
uration (Figure 11), on-chip ROM may be accessed on 
the internal bus. To gain greater addressability in the 
partial expansion configuration, a scheme is 
implemented to allow access of a full 64K-byte address 
space in four segments on the expanded system bus 
through the 16K byte “‘window”’ on the internal bus. 
Basically, the most significant two bits of address on 
the expanded bus are replaced with two user-defined 
segment bits available to the programmer in the ex- 
panded bus control and status register, Port 15. 


As a peripheral I/O controller, the MK68HC200 operates 
as a bus requestor that gains mastership of the system 
bus from the bus grant CPU. The GP bus version may 
be selected to implement this system configuration in 
cases where an interface to a general purpose CPU is 
desired. In this case, the BUSIN and BUSOUT lines are 
again used to perform the bus arbitration handshake 
function, where BUSOUT now acts as bus request out- 
put, and BUSIN acts as bus grant input. In this con- 
figuration, the MK68HC200 can conceivably act as a com- 
plete peripheral I/O control subsystem on a single chip, 
with 16 lines of I/O and its on-chip ROM, RAM, timers, 
and serial I/O performing the necessary interface to 
the I/O device. The UPC bus version provides the 
peripheral !/O control function with a direct interface to 
a 68000 bus grant CPU. Note that the UPC bus version 
can operate only as a bus request device. Once the 
MK68HC200 has gained mastership of the system bus 
via the 68000 bus arbitration handshake lines (BR, BG, 
and BGACKk), it may proceed to perform DMA transfers 
and communicate with system memory or other I/O 
devices in the system. 











As in the case of the GP bus grant configuration, the 
portion of the internal (or private) bus address space 
that is mapped onto the expanded bus when the part 
is operating as either a GP or a UPC bus request device 
is determined by the expansion configuration selected. 
In the partial expansion bus requestor case, the result- 
ing memory map is identical to that shown for the GP 
bus grant configuration in Figure 11. During the time 
the MK68HC200 is executing its programs from ROM 
and accessing internal RAM and I/O resources, the ex- 
panded bus is held in a tri-state condition. The bus 
arbitration logic within the MK68HC200 monitors each 
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memory reference to detect external bus addresses 
(referenced in segments via the 16K byte DMA window). 
Whenever such an external reference occurs, the logic 
automatically holds the processor in a wait state as it 
proceeds to obtain mastership of the bus. When use 
of the system bus is obtained, the processor is allowed 
to continue the reference. This procedure is transpar- 
ent to the programmer. In case of successive external 
references, the expanded bus is retained until an inter- 
nal reference is encountered. 


Finally, if the on-chip resources are insufficient to per- 
form the control task in the bus requestor configuration, 
the internal bus address range (excluding on-chip RAM, 
I/O) may be mapped onto an external local bus, which 
is physically the same as the system bus but logically 
separated with bus buffers. This is the full expansion 
bus requestor configuration. The memory map for this 
configuration is shown in Figure 13. The bus arbitra- 
tion sequence is performed only when the system bus 
is referenced through the DMA window. In this manner, 
the I/O subsystem is isolated from the host CPU. 


When operating as a bus request device, it is possible 
to retain the external bus for an indefinite duration by 
using a bus lock feature. This will help facilitate the 
transfer of large blocks of data. Thus, the on-chip bus 
arbitration logic allows (with a minimum of hardware and 
software overhead) a maximum of concurrent process- 
ing in parallel, multiprocessing configurations. The bus 
lock feature may be used by the MK68HC200 in a bus 
grantor mode to keep any peripheral from gaining 
mastership of the bus. 


In any of the GP expanded bus modes, the MK68HC200 
may respond to peripheral devices on the expanded 
bus which generate an interrupt request on XI0. The 
MK68HC200 will obtain the X10 interrupt vector num- 
ber from the requesting peripheral on the bus during 
an interrupt acknowledge cycle. When responding to 
an interrupt on XI0, the MK68HC200 will wait for the 
bus arbitration logic to gain control of the bus and then 
asserts neither HB nor LB while asserting AS to signify 
that an interrupt acknowledge cycle is in progress. The 
X10 interrupt will be the lowest priority interrupt when 
operating in any of the GP expanded bus modes. 


There is a user-programmable speed selection as- 
sociated with the read and write cycles for both the UPC 
and GP mask option parts. A bit in the expanded bus 


control and status register, Port 15, allows the user to 


select either the standard or the fast read/write cycle 
on the expanded bus. © e standard bus cycle !s four 
clock periods, while the fast bus cycle is three clock 
periods. 
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Figure 11. Parial Expansion Memory Map 
(256 byte RAM, 4K byte ROM version shown) 
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Figure 12. Full Expansion Bus Grantor Memory Map 
(256 byte RAM version shown) 
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Figure 13 . Full Expansion Bus Requestor Memory Map 
(256 byte RAM version shown) 
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EMULATOR VERSION 
as the private bus. The private bus includes a mul- 





The emulator versions of the MK68HC200 are availa- tiplexed address/data bus as well as bus control signals. 
ble in 84-pin, leadless or leaded chip carrier packages. There are 22 pins associated with the private bus. All 
Figure 14 illustrates the logical pinout of the emulator 40 1/0 port pins that exist on the 48-pin versions are 
version. The emulator versions have no on-chip ROM, available to the user for configuration either as gener- 
but instead include a second complete bus, referred to al purpose or special I/O pins, or as expanded bus pins. 
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EXTERNAL 5 DATA 
Gaia nue MK68HC221 6 
BUS 6 EMULATOR 5 
5 VERSION i 
: 3 
: 2 
‘ 1 
: (a) 
re) 
PBLB 
es PBHB 
oe PBR W PRIVATE 
UPC/GP ae 
PBOTACK Bbnaal 
FPRIV See 
DMODE saD8 
EXPMC 
no rNNr OR DR OHH THN KH O 
Xi 
oa KS) “% x 
= NO re} 
s (8 S'E |S IE jog |e xXx xHoELA 
5 
iz (8 E 3 
a. am |jate nn w” 
o {S If & rr 5 IZ mle 
PORT 1 


Figure 14, Logical Pinout for MK68HC221 
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PRIVATE BUS OPERATION 


The address/data lines and control signals that consti- 
tute the private bus are functionally equivalent to the 
internal signals used to access internal resources on 
the ROM versions of the MK68HC200. Thus, the pri- 
vate bus may be used to interface to EPROM memory 
in emulating mask ROM versions of the MK68HC200. 
Alternately, any combination of ROM, RAM, and I/O 
may reside on the private bus. 


The address that is generated on the private bus is iden- 
tical to that which is internally generated for 48-pin ver- 
sions. When the part is used in a configuration that 
supports system bus addressing through the DMA win- 
dow, any references in this region of the memory map 
produce an address on the private bus identical to that 
specified by the programmer. In other words, the seg- 
ment bits have no effect on the private bus address. The 
DMODE pin will go active during a reference to the 
DMA window. Write data appears on the private bus 
pins for all write operations, regardless of whether the 
reference is on-chip or off-chip. The MK68HC221 emu- 


lator version reads data from the private bus unless data 
is read from on-chip RAM, I/O, or the external bus 
formed by the Port 0 and Port 1 I/O pins. 


The I/O port range of the memory map ($FCO0-$FFFF) 
is actually subdivided into space which is exclusively 
reserved for on-chip I/O ($FCOO-$FDFF) and space 
which is exclusively reserved for in-circuit-emulator use 
(S$FEOO-$FFFF). The user should ensure that no exter- 
nal devices reside in the in-circuit-emulator area. 


The private bus interface is the same as that for the GP 
expanded bus. All read/write transfers made exclusively 
on the private bus are three clock periods, regardless 
of the state of the Fast/Standard (F/S) bus timing 
selection bit. In systems using the expanded bus. the 
user should be sure to tie the FPRIV pin low so that 
expanded bus operation is not effected. The user 
should ignore all activity on the private bus while ac- 
cesses are in progress on the expanded bus. Care 
should also be taken that no external devices reside on 
the private bus in the memory space intended for ex- 
panded bus accesses. 


There are six additional contro! pins available on the emulator version that are not on the ROM version Five of these pins are meant to be used by the development 
system. FC1, FC2, DMODE, and EXPMC are used to define the memory cycle currently being executed FPRIV will affect the memory cycle currently being execut- 
ed. These signals are made available to simplify the design of the development system. Using these signals. the development system only has to interface to 
the private bus and not also to the expanded bus. The user might also be able to use these signals to simplify his design. however care should be taken when 








using FPRIV since this input will affect expanded bus memory cycles. 


MNEMONIC 


ADDITIONAL PIN FUNCTIONS FOR THE EMULATOR 


UPC/GP (input, active high and low). This pin is used to select either the UPC or GP con- 
trol bus configuration for the expanded bus. (1 = UPC bus, 0 = GP bus). It is sampled only 
when reset is active 


UPC/GP 


FC1, FC2 Function Code 1. Function Code 2 (outputs, active high and low). These pins (FC1 and FC2) 
define the memory cycle currentiy being executed. They are valid during the time private bus 
address strobe (PBAS) is active. The cycle types are interrupt, data, branch, and program 
fetch. The branch cycle is defined as the first program fetch after a branch occurs. A branch 
can occur as a result of a jump or call instruction, or an interrupt. For internal interrupts, the 
interrupt cycles are defined as the two writes to the stack and the read of the vector location 
which occur during the interrupt acknowledge routine. For external interrupts, the interrupt cy- 
cles are defined as the 3 cycles above plus the read of the vector number. The interrupt cycle 
is a special case of the data cycle. The function code pins are defined below. 


TYPE OF CYCLE FCI FC2 
Interrupt 0 0 
Data 0 1 
Branch 1 0 
Program Fetch 1 1 


DMA Mode (output, active low). This pin goes low when the segment bits are being output 
on AD14 and AD15 on the expanded bus. (The address output on the private bus will not con- 
tain the segment bits.) DMODE is stable for the entire bus operation. 


Expanded Memory Cycle (output, active low). This pin goes low when the expanded bus is 
being accessed. EXPMC is stable for the entire bus operation. 


Force Private (input, active high). This pin is used to force the MK68HC200 to read data from 
the private bus when the address is actually located on the expanded bus. In normal operation 
this pin should be tied low and the expanded bus operation will be unaffected. 
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P1-4/XIO 
P1-5/XI1 
P1-6/X12 
P1-7 

P1-8 
P1-9 
P1-10 
P1-11 
EXPMC 
VCC 

NO CONNECT 
GROUND 
UPC/GP 
P1-12 
P1-13 
P1-14 
P1-15 
PBLB 
PBHB 
PBR/W 
PBDTACK 





Figure 15. 


MK68HC200 


MK68HC221 


LCC 
OR 
PLCC 


(TOP VIEW) 


PBAS 
PBDS 
P4-8/RDYL 
P4-9/RDYH 
P4-10/STRL 
P4-11/STRH 
MODE 
CLK2 

CLK1 
CLKOUT 
FC1 

VCC 
GROUND 
PO-15 
PO-14 
P0-13 
PO-12 

PO-11 

PO-10 

P0-9 

PO-8 


MK68HC221 Pin Assignment, Emulator Ver: on 
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PO-7 
PO-6 
PO-5 
PO-4 
PO-3 
PO-2 
PO-1 
PO-0 
FC2 
DMODE 
FPRIV 
VCC 
GROUND 
PB-0 
PB-1 
PB-2 
PB-3 
PB-4 
PB-5 
PB-6 
PB-7 
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PB-8 
PB-9 
PB-10 
PB-11 
PB-12 
PB-13 
PB-14 
PB-15 
P4-13/TAI 
P4-12/TBI 
VCC 
GROUND 
P4-15/TAO 
P4-14/TBO 


P1-0/SO 
P1-1/TCLK 
P1-2/RCLK 
P1-3/S| 
VCC 








33.7 





MK68HC200 





54/73 





CRYSTAL SELECTION 

the suggestions shown in Figure 16 should be consi- 
The wide frequency range of crystals that can be chos- dered by the user. The MK68HC200 offers an output 
en for the MK68HC200 offers the user a large degree pin that will provide a system clock signal at one-half 
of flexibility. To aid in the selection of a suitable crystal, of the crystal frequency. 





AMPLIFIER AMPLIFIER 
INPUT OUTPUT 
Cc, c; 

If it is desirable to ‘‘tune”’ the 

oscillator to a precise frequency, 

C, may be a variable capacitor. 

C, should be in the range of 

C, <= C2 = 2C,. = 10 pF typical 

= 20 pF typical 


For a high frequency operation 
C, =~ 5 10pF — 


Figure 16. Crystal Connection 
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ASSEMBLER DIRECTIVES 












































































































































































































Directive Function Assembler Syntax 
Define constant {label:] DC[.size]** expr {,expr} 
S a ed = 2. ee eeeree | 
DS Define storage [label:] DS[.size]*1 expr 
- Duplicate constant block {label:] DUP{.size]*’ length, value 
Program end END {start address] 
Equate symbol value lapel: EQU expr 
Programmer generated error FAIL expr 
wre Se he ee a A ete chee ae eee eee | 
FORMAT Format the source listing FORMAT 
= mene Bp et 
Generate module ID module__name: IDNT version, revision 
LIST Enable the assembly listing LIST 
Specify line length LLEN length 
NOFORMAT | Do not format listing NOFORMAT 
NOLIST Disable assembly listing NOLIST | 
NOOBJ Disable object code generation NOOBJ 
“ — ae ee Ps ee ee eR 
NOPAGE Suppress paging NOPAGE 
a _ aoe | 
OFFSET Define Offsets OFFSET expr | 
Nt sta hae oy, Sow dott ea See cael 
OPT Assembler output options OPT option? {, option} | 
ORG Define absolute origin ORG expr | 
— — prea as} ie 
PAGE Eject a page in the listing PAGE | 
leno Sees ee hen EB 
REG Define register list reg__list__name: REG|.size] register list 
SECTION Define relocatable program section; [section__name:] SECTION number 
SET Set symbol value label: SET expr 
SPC Space between source lines SPC number 
TTL Specify heading title string TTL title string : 
= : 1 
XDEF External symbol definition XDEF symbol{, symbol} | 
| 
XREF External symbol reference XREF {sect no:] symbol - 
| | { [sect no]: symbol} 
NOTES: 
1. .size = .Bor W (byte or word size) MC Print macro calls (default) 
2. Options for the OPT directive include: NOMC Do not print macro calls 
CEX Print DC expansions MD Print macro definitions (default) 
NOCEX Do not print DC expansions (default) NOMD Do not print macro definitions 
CL Print conditional assembly directives (default) MEX Print macro expansions 
NOCL Do not print conditional assembly directives NOMEX Do not print macro expansions (default) 
CRE Print cross-reference table O Create object module (default) 
IMM.L Forces immediate operands for arithmetic instruc- NOO Do not create object module 
tions ADD, SUB, DADD, and DSUB to use the long STR Print code gen: ‘rated by structured statements 
instruction form NOSTR Do not print coue generated by structured 
IMM.S Allows the assembler to select automatically the statements (default) 
short form of the arithmetic instructions for small 
immediate values (0-15) (default) 
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SYMBOL 


RPn 








NOTE 





Size Bit - 1’ = Word, ’0’ = Byte. 
4-Bit Register Field - See Table. 


3-Bit Address Register Field - See Table. 


Register Mask Field - See Table. 


immediate Data Field. 


MK68HC200 





GENERAL SYMBOL DEFINITIONS 





General Purpose Registers - DO-D7, AO-A5, SP, SR, 
DHO-DH7, DLO-DL7. 


Register Pairs - DO-D1, D2-D3, D4-D5, D6-D7, 
AO-A1, A2-A3, A4-A5. 


Address Registers - AO-A5, SP. 
Ports - PO-P15, PHO-PH3, PLO-PL3. 


Condition Code - See Table. 





16-Bit Address Displacement Field In Words. 





13-Bit Address Displacement Field In Bytes. 


9-Bit Address Displacement Field In Bytes. 








8-Bit Address Displacement Field In Bytes. 








immediate Data Field - x Number of Bits.’ 

















4-Bit Port Field - See Table. 


3-Bit Port Field - See Table. 
3-Bit Register Pair Field - See Table. 





Condition Code Field - See Table. 
3-Bit Class Field - See Table. 
2-Bit Class Field - See Table 
1-Bit Class Field—See Table 
Address Field - 16 Bits. 




















3-Bit Shift Field- 2 <n < 7. 
4-Bit Bit Select Field. 











Displacement Field. 
Byte Attribute. 
Word Attribute. 
Long Attribute. 
Short Attribute. 
Optional Field. 


1. When using the byte format of an instruction with a 16-bit immediate data field. both the high and low byte 
of the data field must contain the same 8-bit data. 
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— 

















+- 














= 
4-Bit Register Map 
| 
| Bit 
Register Field 
a ee ee 
AO + DLO (1000 
100 1 









































































































































Bit 
Port Field 
P8 1000 
P9 1001 
P10 1010 
P11 104-1) 
P12 1100 
ps | pi fo101) pa (1101 
P6 PH3 10 11 0 P14 a 10) 
P7 PL3 j0 11 1 P15 tay 
i oe ; = 
3-Bit Port Map RGn] 3-Bit Reg Pair Map 
foo Be fp 
Bit Bit 
Port Field Register Field 
ee: RTE 
PHO 000 Do-D1 000 
as = 
PLO 001 D2-D3 001 
— i +— —4 
PH1 010 D4-D5 010 | 
|—__.. - | 
PLt 011 D6-D7 O11 | 
pe i 
PH2 100 AO-A1 100 | 
meee eee 1 
PL2 101 |  A2-A3 101 
eee eae 
PH3 110 a 110 | 
PL3 ‘ie 
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M—REGISTER MASK MAP FOR MOVEM, PUSHM, AND POPM 


SPEER E EET EEE Err T 
oleate laa : epee tele| : 
tm | | | [2 | 










CONDITION CODE TABLE | 


Condition Bit 
Code Field Description lest 


Zero 
ae 0000 Equal 


rooos] Mime 








| 


















































= Lower 
L CS 0010 Carry Set C 
pee ee 
VS 001 Overflow Set V | 
Pec a a Sh 
GE? 0 10 0| Greater than or Equal N .EOR. V | 
| eee erener ee re se! 
GT? 01.0 Greater than Z .AND. (N .EOR. V) 
|—__—_— ee 
HI2 011 Higher C .AND. Z 
FI 0111 False Always False 
ee ee a ease 
NE Not Equal 7 
ee ae Not Zero . | 
PL 100 Plus N 
HS2 Higher or Same . 
CC Carry Clear C 
+ — -—— ———-———} 
VC 1 Overflow Clear i V 
LT 11 Less than N .EOR. V i 
| LE? 1 10 1/ Less than or Equal | Z OR. (N .EOR. V) 
coerce rset nia 
LS2 1110 Lower or Same C OR. Z 
TI 1 ae a True Always True 
NOTES: 


1. The assembler does not recognize the T and F condition codes. 
2. LT, LE, GT, and GE are used for unsigned conditions; LO, L' HI, and 
HS are for unsigned conditions. 
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INSTRUCTION CLASS FIELDS : 
[ c3] - 3-Bit Field - 2-Bit Field - 1-Bit Field 





Bit Shift Bit! Bit Arith2 Logical Bit Arith2 Test Neg? 
Field Instr Instr Field instr Instr Field Instr Instr instr 


000] ROR oo | appc | OR | 0 | ADD _ | TESTN | NEGC j 
3 ai 











001 BCHG SUBC | EOR SuB | TEST NEG 


010 10 ADD AND 
11 SUB — 


011 
100 























BEXG 


NOTES: 
1. The bit fields do not apply to bit instructions using a port operand. 
2. These fields also apply to BCD instructions. 


INSTRUCTION FORMAT 


15 0 


PREFIX WORD 
{used only in some forms of the decimal and bit instructions) 


OPERATION WORD 
(contains the opcode and possibly the operands) 


EXTENSION WORD 
(optional - specified by the operation word to be 
immediate operand, mask field, displacement or absolute address) 
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OPERAND 








ASSEMBLER 
INSTRUCTION aATTR SYNTAX 
MNEMONIC SIZE Source =Sre 


Src . Dst 





Ry. Rx 
ADDC {WwW 


SUBC (Ay). Rx 
d16(Ay). Rx 


Addr Rx 





B ; ani6 Rx 
[Ww 

ie Ry (Ax) 

8 (Ax) (Ay) 
{Ww 

B 4ni6(Ax) 
{Ww 

B (Ax) + (Ay) > 
[ W} 

BR  BnI64Ax) - 
|W} 

B (Ax) (Ay) 
| W] 

B #ni6. (Ax) 
|W] 

8 Ry.d16(Ax) 
|W] 

B Ry.Addr 
[W] 






















OPERATION 
woRoD 


Destination - Dst 


2 REGx 


2 , REGx 
2 , REGx 
2 REGx 
3 ) 0 Ax 
3 . 0 Ax 
3 0 Ax 
3 1 Ax 
3 ' Ax 
3 1 Ax 
3 1 Ax 
3 1 Ax 
3 F 


Ss c2 
Ss c2 
Ss c2 
s c2 
Ss C2 
s C2 
Ss c2 
Ss c2 
Ss C2 
Ss ¢2 
s ce 


‘s ¢2 


1814131211109 876543210 


Ay 


Ay 


REGy 


Ay 


Ay 


Ay 


REGy 


REGy 


novos 











STATUS 
FLAGS 
OPERATION 


20-“Y2mM4«KM 
amra<a 





ADD 
Src - Ost - Dst 





6 ADDC 
Src - Dst - C - Ost 






d 9 SUB . 
Dst Src - Dst 






SUBC 
Dst Src C - Dst 









Note For addressing modes 
an.Rx and 4n(Ax) with the 
ADD and SUB instructrons. 
9 the assembier uses the short ‘ 
version for immediate values 







. <4 bits 
12 
4” 12 
12 
a 12 
12 
a 12 
d 12 
a 12 
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E 
OPERAND X ¢ 
ASSEMBLER OPERATION Ww T Y STATUS 
SYNTAX worRoD ° E FLAGS 
INSTRUCTION ATTR Row UC OPERATION 
MNEMONIC SIZE Source Src D S L 
Destination Dst S 1 E 
Ss 
ae ee 1814131211109 876543210 , NZ2vec 
a ta a RR A MR A 
Bana Rx B REGx s1clO 4 1 3 ADD ae 
SUB | W) Src + Dst - Dst 
B 4n4 (Ax) B 0 Ax s loci! # 1 9 
|W] 
B 44,d16(Ax; B 1 Ax s 1ctt 4 2 d 12 SUB 
{W] Dst Src - Ost 
and.Addr B F s ict 4 2 a 12 
Ry.Rx 6 REGx s c2 0 REGy 1 3 AND « * 06 0 
EOR {WI Src AND Dst_ Dst 
OR . ‘ 
B Py. Rx 5 REGx s c2 0 PORTy 1 6 
(W] ' 
B (Ay) Rx 6 REGx s c2 1 Ay 1 6 EOR 
[W} Src EOR Dst - Dst 
B a16(Ay) Rx 6 REGx s ce 1 Ay 2 d 9 
[W] 
B Addr Rx 6 REGx s c2 1 F 2 a 9 OR 
{W} Src OR Dst Dst 
B #n16.Rx 6 REGx $s c2 1 7 2 4 6 
[ W] 
B Ry.Px 4 PORTK s c2 0 REGy 1 9 
1) 
4ni6.Px 5 PORTx 1 c2 1 9 2 a 12 
[|W] 
B Ry(Ax) 7 0 Ax s ¢c2 0 REGy 1 9 
{W} : 
Continued B (Ax).(Ay) 7 Oo Ax s c2 3 Ay 1 12 
on nextpage  [W] 


SESS RRL EI NT DS EET TINY NEE PDE SS CEPT 
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E 
OPERAND X ¢ 
ASSEMBLER OPERATION wT fy STATUS 
INSTRUCTION ATTR SYNTAX woRD Be ve ie eee a FLAGS 
MNEMONIC SIZE Source - Src D S L 
Destination - Dst S | E 
Ss 
Src . Ost 1914131211109 876543210 . N ZV C 
ant6.(Ax) AND 
EOR [|W] Src AND Dst Ost 
OR : : . ; : : 
(cont } B (Ax) (Ay): 7 1 Ax s c2 10 Ay 1 = 12 
(W] 
B AN16 (Ax) - 7 1 Ax os ¢c2 4 7 2  # 12 €OR 
{W] Src £OR Ost - Dst 
B (Ax) (Ay} vA 1 Ax s c2 11 Ay 1 be 12 
(W] 
B 4nl6. (Ax) 7 1 Ax os c2 1 F 2 a 12 OR 
{W] Src OR Dst - Ost 
8 Ry.d16(Ax) paw A 1 Ax s c2 0 REGy 2 d 12 
{W] 
8 Ry,Adar 7 F s c2 0 REGy 2 a 12 
(Ww) 
ASL B {#1].Rx B REGx sO c3 001 1 — 3. ODst - Dst 
ASR [W} SHIFT 
LSR ' ‘ . . : ‘ : "Cm - ASL #-O 
ROL B #n3,Rx 8 REGx $s 0 3 n 1 — 4on NOTE The 
ROLC [W} O-. »LSR. &C ASR. LSR 
ROR ' \ ; ; . ; . . ROR and 
RORC B (Ax) B O. ae! Oebs Me oe OO a A. SS ASR REL RORC 
{W] ; instructions 
; : j : i : _ ROTATE will clear the 
B , -d16(Ax) B 1 Ax sO cc 000 2 a4 2 V status bit 
i {W) | C «ROL « 
B Addr B F S00 Sea Oe Ge Bae 2 -C —@ -ROLC ~« 
LW) 
| ‘ 7 = > ROR: C 
| ' + + ‘ * ‘ : »RORC: & C- 
“NOTE 
Pee ait Hon. 2. sos i A Perce ts! 2-ns7 ; Boge Site, Pied 
oe ay : =F T oe za | 
_ OPERAND x 6 
| ASSEMBLER OPERATION wetsy STATUS 
INSTRUCTION | aTTR ; SYNTAX won ae ae OPERATION wet 
MNEMONIC | SIZE ‘' Source=Sre bp S L 
' Destination = Dst i Ss 1 E 
: Sre , Ost o § N ZV ¢C 
N 
S| 
: #n4.Rx BCHG: * * go * 
Dst(b4) - C 
' + 1 — Ost(b#) - Dst(o#) if Ost(b4) 1s 
BSET 5 | tn a.(Ax) 5 o{ ax | 3! 1|| be 1 — 9 in the low 
BTST | i | byte of the 
\ { } t + t + : SR.then the 
— | nd, dIB(Ax) 5 yi Aw | ca tail ba 2 id 12% BCLR ather SR bits 
Dst(b4) - C are 
| ' { ' ft 4 } i + 0 = Dst(ba) unchanged 
— | #n4,Addr 5 F [ c3 ‘1] be ae ee 
| | bon | { ee Oe ore 
= Ry.Rx 0 | REGy | F 7 2° — 6 BEXG 
| ; Dst(b#) — C 
+ 4 { 
; 4 || REGx jf «3 11, 0 
| I ane | 
+ | i + + + ‘ 
— | Ry(Ax) 0 | REGy | F 7 2 — 12° BSET 
' : Dst(b#) — C 
oo ; east 1 - Dst(ba) | 
po Se MO] A [fo e8. 74 0 
| t 4 a a 
— — Ry,d16(Ax) 0 §=6|| ~REGy | FCO? 3 d 15° BIST 
Dst(ba) - C 
’ + 4 4 
5 1 AK i co 0 
' + * : * 4 + + + + = 
_ Ry.Addr 0 f REGy i F 7 3 a 15° *NOTE: “he BTST instruction 
H execute 13 less clock 
t t 4 + cycles. 
5 F | «8 1 0 
sere ee ee rs Cn eT CN CC OT pele pl ie this tc een henge eel 
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STATUS 
FLAGS 


N ZV C 


OS a a ee ee ee re ee ye | 
| | OPERAND x gd 
ASSEMBLER OPERATION . Y 
INSTRUCTION | ATTR | SYNTAX woRD c GoeARTION 
MNEMONIC | SIZE | Source=Sre ae ie 
i Destination =Dst E 
| sj !|g 
Pt shielole|o|rfo|s|ejsi2isio] |g 
BCHG — 1 44.Px | 4 [Port | a | ow j1/|-]| 9 ‘ , 
. st(b#) — 
- ——+ — + 1 — Dst(b4) — Dst(b 
= + : ane st(b#) st(D#) 
— | RyPx 0 pug ee ae 
Pe : 4 
4 [PORT | B o | 
BCLR _ 4n4,.Px 4 | PORTx | D I b# 1 _ 9 
Eero ars Dst(b¥) - C 
, + - oo pf fe - ft 4 0 = Ds tibet 
— — RyPx , oO | REGy— Pos ®t 2\|— | 12 
—-- 
Dst(b#) — C 
BSET — —#n4.Px | 4 PORK || 9 of i 1 | — | 9 
as eS Dst(b#) — C 
+ 1 — Dst(b#) 
Sean _ #n4.Px | Dst(b#) - C 
on next page BEA CEE! (SAE REEE CESS, Py eee er ee 
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T12 (SP):PC - 4+ d - PC 


NOTE The initial PC value is 
the location of the CALLR 
instruction The 
displacement. d13. 1s in 
signed magnitude 
represe“tation. and the 
displace ‘ent, d16. is in 
two's co:..plement 
representation 


STATUS 
FLAGS 


i i E 
OPERAND —X 6 
ASSEMBLER OPERATION ke Y 
INSTRUCTION ATTR SYNTAX | word. ae ae 
MNEMONIC SIZE_— Source =Sre Re Ok OPERATION 
Destination =Dst | S 1 E 
; 7 7 7 ¥ T 7 7 j j j j ; 2 Ss 
scan 15|14|13[12\11/10] 9/8 |7\/6/5/4/3|2/1/0| — 
— —— Ry.Px o || REGy |} F {| 7 ° 2 ~ 9° Dst(b) -C 
' ect ¢ 
7 || PORK |} 6 = oO 
| 
CALLA (l] (Ax) 5 F 1 — 9 PC +2- (SP) , 
(unconditional) : (Ax) - PC 
+ + + t 4 + + ’ ¢ 
[.L] Addr 5 F B F 2 a 9 PC+4- (SP) 
(unconditional) Addr - PC 
+ . + t + - + + + t + 
[L} CC, Addr 5 | cond | 8 F 2 a F6 If COND 1s true. PC + 4 
T12 (SP); Addr - PC 
. + + + + + + + . 
NOTE The inttial PC value is 
the location of the CALLA 
instruction 
2 a ete en pi t 
CALLR (S} 13 F | d 1 — 0 PC+2- (SP) 
(unconditional) PC - 4 + 2.(d) - PC 
L d16 5 F 9 F 2 da 9 PC-4- (SP) 
(urconditional) PC -4+d -PC 
> + + > > + + + . 
LCC. d6 5 ' COND 9 F 2  d F6 HCOND 1s true PC - 4 





INSTRUCTION | 
MNEMONIC 


Continued 
on next page 


INSTRUCTION 
MNEMONIC 





ATTR 
SIZE 





ATTR 
SIZE 


CMP .B 
(cont.) 





{W] 


B 
.W] 


.B 
[.W] 


B 
[W] 


.B 
[WI] 


B 
[.W] 


B 
[.W] 


DADD B 

DADDC [.W] 

0SUB 

DSUBC B 
[WI 


B 
[.W] 


B 
{W] 


Continued B 
on next page 
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OPERAND 
, ASSEMBLER 
. SYNTAX 


. Source = Src 
Destination =Dst 


Src , Dst 


Px 


{ 
(Ax) 

| 

d16(Ax) 


4 
Addr 


Ry, Rx 


t 
Py,.Rx 


(Ay).Rx 
| (Ay) + .Rx 


~ (Ay). Rx 


d16(Ay),Rx 
Addr,Rx 
| #n8,Rx 


4 


#n16,Rx 





OPERAND 
ASSEMBLER 
SYNTAX 


Source = Src 
Destination =Dst 


Src , Dst 


4n8,Px 


| #n16,Px 


| 
, (Ax).(Ay) 





| 
» #N16,(Ax) 


| (Ax) + (Ay) + 
AN16.(Ax) + 
~ (Ax), (Ay) 
#n16, = (Ax) 
Ry.Rx 
, (Ay). Rx 
, d16(Ay).Rx 


Addr.Rx 


#ni6.Rx 











OPERATION 
WORD 





























Z2oOo-Ma2mMaxKmM 


wAmmr-oao<o 


OPERATION 





STATUS 
FLAGS 








































dh 


D 











OPERATION 
woRrRoD 


T 1 
n}oo|s 


0 | PRT || 4 





ls 


| | : 
| PORK || 





0 Ax 


ils! 11 


g Ax tsi 1 1 | 





bids 8 as 














1[ Ax is 14 ‘ 
; 
Pe 
‘41 AK isi vot 
_ _ ! 
‘1 Ax lfsjs vr 
ho ' 
1) AK sit. 
' REGx /s' c2 01! 
¢ + + 
REGx ‘!s c2 1 07 


REGx Ts c2 11 


REGx 's_ 


REGx s_ 


st 


Ay 


REGy 








nonose 











20o-"N2zmMaxm 


| 
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aAmMra< 
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STATUS 
FLAGS 
OPERATION 
N ZV oC 

Dst — Src me oro 
DADD. u * Uu * 
BCD: [Src + Ost ~— Dst} 
DADDC 
’ BCD: [Src + Dst + C -Dst] 
_ OSUB: 
BCD: [Os Src - Dst] 
DSUBC 
BCD {[Dst Src C - Dst} 
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INSTRUCTION 
MNEMONIC 








{cont.) 













Continued 
on next page 


INSTRUCTION 
MNEMONIC 


DADD 
DADDC 
DSUB 
OSUBC 


ony 


DADD 
DSUB 


Di 
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OPERAND 
ASSEMBLER 
ATTR SYNTAX 


SIZE Source =Src 
Destination =Dst 


Src , Dst 


OPERATION 
worRodD 


novos 
O-nzm4xM 
amra<o 


1814131211109 876543210 


0 F F F oy =? 1492 
3 0 Ax s c2 0 REGy 
.B (Ax).(Ay) 0 F F F 2 _— 15 
[WwW] 
3 0 Ax s c2 10. Ay 
B #n16,(Ax) 0 F F F 3 a 15 
[.W] 
3 0 Ax os c2 1 / 
BB (Ax)+ (Ay) + 0 F F F Bis,’ 45 
[WI 
3 1 Ax is ¢c2 10° Ay 
+ > + + + . . . 
.B ; 4n16(Ax) + 0 F F ‘ F 3 4 15 
[WI 
t { 
3 ‘1 A c2 | 1: 7 
x iste] 
| t + + 
B - (Ax), - (Ay) i ie) F F F 2 _ 15 
[W] | 
if fe ae 
3 1 | Ax fijs][ c2}1i1[ Ay | 
j , { t + 
B 4n16, — (Ax) 0 F F F 3 # 15 
{W] 

















OPERAND 


E 
x ¢ 
ASSEMBLER OPERATION wet sy 
aTtR SYNTAX woORD 2 é c 
SIZE Source = Src D S L 
Destination =Dst se nd bree ecag Meee aig, 8 Ss 1 E 
Src . Dst o § 
ede 1914131211109 8765 4,3 210 M4 
8 Ry.d16(Ax) 0 F 
{W] 
3 1 Ax s c2 0 REGy 
8 Ry Addr 0 F F F 3 a 15 
[ W} 
3 F s c2 0 REGy 
3) =nd.Rx 0 F F F 2 — 6 
{W} 
B REGx s1cloO ¥# 
B 2n4 (Ax) 0 F F F 2 _ 12 
{W] 
B 0 Ax $s 111 # 
B #n4.d16(Ax) 0 F F F 3 d 15 
[W] 
8B 1 Ax s 1c # 
B #n4.Addr 0 F F F 3 a 15 
{W] 
B F ‘s 1 ct 1° # 
& a 4 F 5 7 ee) 


3-120 


NOTE For addressing modes . 
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a 


STATUS 
FLAGS 
OPERATION 


#n.Rx and 4n.{Ax) with the 
DADD and DSUB 
instructions. the assembler 
uses the short version for 
immediate values < 4 bits 





STATUS 
FLAGS 
OPERATION 





DAODD: Uo * U ® 
BCD: [Src + Dst - Dst] 


DSUB: 


BCD: [Ost - Src ~- Dst] 


0 - LIE: Ba pate ee et 
Disable Interrupts 








MK68HC200 











E 
OPERAND Kg 
ASSEMBLER OPERATION wet sy STATUS 
oO OC FLAGS 
INSTRUCTION ATTR SYNTAX Ween R oN OS OPERATION 
MNEMONIC = SIZE_—s Source = Src on s - 
Destination - Ost S | E 
Src . Ost oO Ss 
' 1914131211109 876543210 N ZV oC 
--—___—— ——— 
DIVU _ Rx.RPy ‘5 REGx D RGy oO 1 - F6  RPyieven) RPyioday/Rx -RPytevens - —~- «> 
T23 REM. - RPyiodd) 


MSW even LSW odd 


NN ef a NE oe 
DJNZ 8 Ax .d8 9 REGx s d 1 — F6 Ryx 1 - Rx If Rx + 0 ao 
[Ww] TQ then PC. 4 [2.td)} - PC 
NOTE The initial PC value is 
the location of the CUNZ 
instruction The 
displacement value d isa 


magnitude 
i a eee 
DNEG B Ry ) F F F 2 — 6 DNEG Uo* Uo® 
ONEGC {W] BCD [0 Dst - Dst] 
3 7 ‘s cl 1 0 REGy 
B (Ay) ) F F F 2  -- 12 DNEGC 
[Ww] : BCD [0 Dst C - Dst| 
3 7 ‘scl t 10. Ay 
B di16(Ay) ) F F F 3 d 15 
{W] 
ea ‘ + 
3 7 scl tot 1) Ay 
. ’ + + + bs + + 7" 
a Addr 0) F F F 3 a 1 
[W] 


fea 
3 7 |slict 1 1 F 










OSUB see DADD 














ee ee ee eS eS Sefer ee T E | 
OPERAND iX ¢ 
ASSEMBLER OPERATION wit y STATUS 
INSTRUCTION ATTR SYNTAX | oe oe ee obeeivon nines 
MNEMONIC SIZE  Source=Sre i dis L 
Destination=Dst_ oe hs ea ated See Soe. 1 Be | E ea el 
$s 
So , Dat 15|14|13/12/11/10/9/8/7/6/5/4/3/2|1/0 (2 Nzve 
El = 2 4 F 1 7 1:—,3 1-LE Dees ee oe 
| : Enable Interrupts 
EOR . see“AND | 
| (page 9) 








ae 
[W] 











B Rx, (Ay) + - 
[Ww] 








B Rx, — (Ay) 


LW) i 
/ .B | Rx,d16(Ay) 
L [Ww] 

.B Rx,Addr 
Iw) | 


EXT i — |Rx 0 REGx D 7 1 | — ' 3 | SIGN EXTEND: ~—--— = 
ii ! SignBit(RLx) — RHx 





























“PC + 2 — PC: 
: Fetch continuously 





(Ax) 


(unconditional) 





(unconditional) 





























- - =H 
CC,Addr ; :6 | If COND is true. Addr ~ PC ; 
T9 
LINK - Ax, #16 5 1| Ax | 9 D 2 a 9 | Ax — -(SP); SP — Ax: on ia oe 
~ | 4 SP+d -- SP 
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OPERAND 
ASSEMBLER 
SYNTAX 

Source = Sre 
Destination = Dst 


Src , Dst 


INSTRUCTION ATTR 
MNEMONIC SIZE 


JMPR ag 


(unconditiona!) 


[-S] 


[S]} . CCag 


L dé 
(unconditional) 


L CC.d16 


LIBA 
LIWA 


#d16(Rx).Az 


- y- 


4d16(Ay.Rx).Az 


LSR 


see ASL 
(page 10) 







B 
(WI 





'  B 
» IW] 
i-Raos 
Continued .B 
on next page {.W] 





OPERATION 





WwoRD 
ee | | eek | i 
15.14 13 12,11,10'9/8 |7/6'5 4,3 2/10 
8 ! F d 4 iS 
‘ ' 4 4 
8 | COND d hos 
5: F 9 7 2:4 
= 4) 
5 | COND 9 7 21d 
sess need By Sse i orn eaee ope eee: 
el 
; 4 | REGk “'s 1 Az ttait2tle« 
; | ae 
1 _ REGx s 1 Az Ay 217 
’ ¢ + 
' 




























nonos 
ZO-HwzZzm4KM 


c 
Y STATUS 
c FLAGS 
L OPERATION 
E > 
Ss 
N ZV C 
7 PO. 4. 24d) - PC 
* 4% 
F 4 If COND 1s true. 
T7 PC. 4. 24d) - PC 
: : \ 
- 9 PC.4+¢ -PC 
: ‘ i 
F6 It COND istrue,PC -. 4 - 
T9 d - PC . 
| cede satel a ery ty hs) - 
NOTE The initial PC vatue is . 
; the location of the JMPR in- ' 
struction The displacement. 
16. 1s in two's complement | j 
representation. and the dis- | 


placement. d9. 1s in signed 
magnitude representation 


; . : i 


6 ' Ax[-2] > d - Az 


- (Rx{-2)) - d - Az 


eat tr CIWA voy REG. | 
me eas 
yMde 






































E 
OPERAND : X 
ASSEMBLER OPERATION : STATUS 
INSTRUCTION ATTR SYNTAX woRD FLAGS 
MNEMONIC | SIZE Source =Sre DERBATION 
| Destination - Ost 2s i | 
Src .D fi A De A Ale ae teeta, ede seed 
ost 15 14] 13/12/11, 10] 9) 8 7/6514 312 |1 0 x fore 
: | id : 
MOVE Bi tAy) Rx 1 | REGe is 0110. Ay sey Z _ 
(CONt } [W]) j ‘ | | i 
wes | | eee 
B | Ay: Rx | 1 | REGx is O11 14 &xAy | 14 - | 6 
aie 
iw] | | 
ons | Sai ae oe 
Bs! dt6l Ay: Rx 0 1 REGx s001 1 Ay 1 2 d 9 
- , t | i : fot 4. 
8 Adar Rx 0 | REGx $s 001 F 2 aijQ 
(W] i { 
74 SR, iy a sae enti cae 
B °° =n8Re E 1 REGx , ® 1 13 | 
; | i | 
Sp PE er NS ES zis Se She a ee rere - he + f i seed 
. =n16 Re | 0 REGx 9 7 2); ¢ 6 
p [Why : 
~ ae Se ee git ae 
| B | RyPx 0 PORTx .s 0 1 0 REGy 1 - | 6 
iwi | ! , 
pee ot Sade a 9.4 eee ahi Se ied oetinaeD, “da hae ed tla aety uigpamenning: S53 sls sacl | sate 
: 8B Ay)» Px 9 _ PORTx +s 1100 Ay 1 -—;,9 
[W] : . : 
Se ee AN Meenta Aegean oer eer sereee no aR seed Sus) 
B | 2nBP. D 1 PRIk | # 1 |] —!| 6 
ee ae 
! 3n16 Px i 0 * PORTx | E 7 2/2 / 9) 
— [WI i i 
: Sry peupy eters Bteigh sitabas, “4~ 2h CER, + bas a. hae tere moee ~— a4-— nee f 
‘ B Ry tAxr j { 10 Ax js 000 REGy 1 _ 6 | 
[WI i t 
r . a oo ee ae 
' B tAnriAyt 1 0 Ax 1s 00 1 0 Ay 1 _~ 9 | 
: #16 1Ax) 
Continued 
on next page Rx (Ay) + 
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OPERAND 


MK68HC200 











































ASSEMBLER OPERATION Ww 
INSTRUCTION ATTR SYNTAX Woh 2 4 
MNEMONIC = SIZE_—— Source = Sre D 
Destination =Ost = eon Nh eect A 1§ 
. | 
Src . Ost hs 4 19.12 1110 9| 6 7\615/4.3.2/1,0) 
MOVE Bi (Ax) + (Ay) + 1 Ae = a 001°0 ar 7 
te Praveen “4 : ‘ 
ant6(Ax) + 0 1 7 2 
|. ed 
| Rx. (Ay) 101. Ay 1 
ee 
Px. - (Ay) TO, Ay jit 
pose eae te of eat. eer 
- (Ax). - (Ay) 1 1[CAx ][s}o o rit | Ay fos 
| 
“ v - Tie? see ee ap a + _ 
#nt6, ~ (Ax). 1 1[ Ax ]l[s]0 0 1 F 2 
oe cae a ee t 4 af 
Ns 1 1[ Ax l[s)}0 0 O]| REGy | 2 
i. 
: Ry.Addr 
: (Ay) + REGLIST 
! 
| (ay). REGLIST 2 
' REGLIST.(Ay) + j| 2 
! fe . 1 
1 
t + 4 | Soren 6 - 
REGLIST. - (Ay) 1 F s]O ov;1[ Ay | 2 
L t : 








M 9+3n (Ay) + 


OPERATION 


ame-a~<a 


' Src — Dst 


4 9 
a. ig 
iS 56 
te ig 
9 
d 9 





STATUS 
FLAGS 










-- REGLIST 


M 9+3n -(Ay) — REGLIST 


M “7430 REGLIST — (Ay) ~ 


“M 7+3n REGLIST — -(Ay) 


must be specified and may be 
specified in any order 








a aa 








































NOTE A minimum of 2 registers , 











— 











E 
OPERAND Xo ¢ 
ASSEMBLER OPERATION (Ww Ty STATUS 
INSTRUCTION | ATTRA SYNTAX Mee fea ee SOERRION eee 
MNEMONIC SIZE |, Source =Sre 'p § L 
Destination =Dst _dgs 1 i€£ 
a me, ' : § 
are Dat 15114)13|12\11/10)9 |8|7 6/54 312/1/0 a NZvc 
= +1 1_—_ 
MULS = Rx.RPy 5 [ REGx I B | RGy oO} 1 | — | 21 Rx - RAPy(even) — Be estes 
| 4 RPy(even). RPy(odd) 
| MSW -— even; LSW - odd 
| REGx | 9 ' RGy of 1 Rx - RPy(even) — 
' RPy(even). RPy(odd) 
MSW - even. LSW- - odd! 
7 's ict] 1 0 { REGy | 1 — 3 2's Complement a I 
(Ay) 7 Is jl 1 10' Ay |} 1 | ~ | 9 |NEG O_ Dst-- Dst 
+ ¢ ; . | H 
d16(Ay) 7 sicit 11. Ay | 2 | d | 12 |}NEGC O Ost C - Dst | 
1 
4 ‘ i 
7 sctiiy 1 F 2 a | 12 
0 0 0 1 |— |] 3 |PC+2-PC Ce ae 
| 7 s 00 0! REGy 1 ~ 3 1's Complement — 0. 0 
, | 
3. | 7 s0010. Ay 1} - 4 9 
| NOT(Dst) - Dst 
seer f 2 H . . | 4 | 
d16(Ay) 3 | 7 SOON tk Ay oe te ae 
Addr a ner | s001 F 2 | a | 12 
see AND ' 7 
(page 9) 
ets a eee paae oa i sip Speisras se doc t ss aac Sedaatladge nie esi 
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OPERAND 
ASSEMBLER 
INSTRUCTION ATTR SYNTAX 
MNEMONIC SIZE Source - Src 
Destination - Dst 
’ Sre , Dst 
i] 
PoP ts Rx 
— Px 
~ (Ay) + 
POPM - REGLIST 
[ 
PUSH hes Rx 
_ Px 
| na ke oR clei, 
— + (Ay) 
~ | ime 
PUSHM fa REGLIST 
| 
| . 
RET a ae 
el Ax - 


uae Eom ie 


| OPERAND 


ASSEMBLER 
INSTRUCTION ATTR SYNTAX 
MNEMONIC SIZE Source=Sre 
Destination=Dst 
Src . Ost 
ROL see ASL 
ROLC 
‘ ROR 
RORC 
STOP = = 
SUB see ADD 
SUBC 
TEST .B ani6.Ry 
TESTN (Ww)! 
~  B amtePy 
[W)] 
.B #n16.(Ay) 
{W] 
UNLK — Ax 








OPERATION 
WORD 


1514131211109 8676543210 








1 ' ReGx | Bo | 6 
0 PORK | E 6 
! j 
1 E 9 oO Ay 
1 7 9 6 
1 REGx A E 
0 ' PORTx E E 
‘ to 
. 1 1 AK 9 E 
{ ' . 
; 1 E 9 F 
tg 
1 F 9 E 
5 6 Dis 7 
5 0 AK - D 7 
| 
5 F D 7 


OPERATION 
WwoORD 


1614131211109 876543210 











| 
| 
: | | 
1 7 9 F 
7 7 ‘s e100] REGy 
bo Fs cl1.0 1, PORT 
- . ard { + 
7 7 sc10 11/0 Ay 
5 1 | Ax 9 5 


nouvsos 


oovnos 











j E 
xX: c 
T Y STATUS 
; E. c: FLAGS 
i N L OPERATION 
i § E i 
Ls 
: NZzvVC 
_ 6 | (SP). - Rx 
S @: SPin. ore” 
Ps 9 | (SPI. - (Ay: 
M 9-3n (SP). - REGLIST 
; NOTE A minimum of 2 
! registers must be specitied 
and may be specified in any 
{ order - os ( 
| 6 | Rx - (SP) 
I 
| 9 Px (SP) 
ma 
"9 (Ax) (SP) 
‘2 9 ls. data - (SP) 
| t 
M 7. 3n! REGLIST (SP) - 
| NOTE A minimum of 2 i 
; registers must be specified 
and may be specified in any | 
order 
-~ 9 (SP). - PC a 
—— 9 '(¢Axdo- = PC 
+ 12 (SP). -SR #8 RO 
(SP)- + PC 
E 
A 
T Y STATUS 
E re } FLAGS 
N L OPERATION 
Ss E gue 
bs 
fe) 
N N ZV oC 
— — Pause: CPU & VO 
CLOCKS OFF 
# | 6 TEST: 
| Src .AND. Dst 
4 9 TESTN: 
| Src .AND. NOT(Dst) 
re 3 
4 9 
— 6 | Ax ~ SP: 
: ! (SP) + -- Ax 


The following symbols are used to describe the state of the Status Register flags: 


Set according to result of operation. 


Q Cleared. 


1 


Set. 


—- Not affected. 
U Undefined. 
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16 Ext I/O, Ext Interrupts, 
P1 |PL1 | $FCO2 | Serial Port I/O, LB - HB R/W DS DTACK AS BUSIN | BUSOUT 
Bus Control LDS UDS BGACK BG BR 
PH2 
oe SonEtdliEnEEEEnEnEEEEEIEEEREEEEEEaEineeeeeeei ad 


Serial Receive and 
PL3 | $FCO6 | Serial Transmit 
Buffers 


8 External 1/O STRH 
FCO8 | or Timer and TAO TBO TAI TBI R/G STRL RDYH RDYL 
Port 0 Handshake 








vU 
gt. 
oO 








vu 
an 






vu 
ine) 
a 
Ww 











RECEIVE BUFFER 


Uv 
Ww 





£ 


JE 








it 


FCOE | Interrupt Latch NMI SPARE Xl2I STRLI TAOI TAII STRHI 
Register 
$FC10 | Interrupt Mask RESERVED SPARE Xl2M STRLM | TAOM TAIM STRHM 
Register 
Serial I/O Receive 
RESERVED 


$FC12 | Control and Status 


Register 
HSMO Xl2C TCOC TAM1 


Serial 1/O Transmit 
$FC14 | Control and Status 
Timer and 
SEG1 SEGO BLCK FIS EXP TEST 1* | TEST 0* 


Register 
P14 $FCIC | Handshake 
ae wo | st PAR1 PARO TCO WS 


$FC16 | Timer B Latch 
$FC18 | Timer A Low Latch 
Control Register 
“NOTE: Both test bits should remain a 0 during normal operation. 





Pe eee 


2 
° 



















Ui 0/7 
=a /a]j oa 
WOlrni| - 














$FC1A | Timer A High Latch 
HSM2 HSM1 







Expanded Bus 
P15 $FC1E | Control and 
Status Register 























Port 0 Direction 
P16 $FC20 | Control 
(DDRO) 


Port 1 Direction 
$FC22 | Control 





P17 







P18 $FC24 


Serial 1/0 Mode 
and 


farc26 ines c tac 
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MK68HC200 


Initial 
Condition 


TRANSMIT BUFFER 






High Byte 
RESERVED 00----00 


RESERVED 
RESERVED 


TBI XMTI $0000 
TBIM $0000 
*— RESERVED — $0000 


$00A0 
an one 
See ee 


TAIC TAOC TBM1 TBMO TBE 


UPC/GP!| RIG RESERVED: = 


RSCI X11 TBOI 





RSCM XIiM TBOM 


w 
nl 
.e) 
m 
U 
m 


FE SFIAF 


ies] 
m 
on 
m 


TAMO TAE 














Mode pin: 
VCC-$0400 
CLKOUT-SOCO00 
GND-S0800 


$0000 


SYNC6 | SYNCS | SYNC4 | SYNC3 | SYNC2 | SYNC1 SYNCO $0000 
NOTE: 


When a reserved bit is read, it is read as a zero. 


SYNC7 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to GND... ee -—1.0 V to +70 V 
Total: Device: Power Dissipalione 232. eee aah ded SU ee at os bee ks eee Oa ee i eee des 1 Watt 
Ambient Storage: Temperature ia occ a eats hea eee a OAS SR Ee Ok EER eo oe —65°C to +150°C 
Ambient Operating Temperature (T, <Ta<Ty) 66.666 cc ee eee ee ene eee eee tees 
Commercial MK68HC2xx/xxx-CX 0 eee eee —0°C to +70°C 
Industrial MK68BHC2xx/xXxXXVXK 0 eee eee - 40°C to +85°C 
Military MK68HC2xx/xxx-Mx ......0..0.00.0 0000000. iG naee als, abtcah area tnte a tenthes Sty Seeratiands —55°C to +125°C 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other condition above those indicated in the operation sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


MK68200 DC ELECTRICAL CHARACTERISTICS 
(Voc = 50 V + 10%, Ty = T, to Ty) 


TEST 
SYMBOL | PARAMETER MIN MAX UNITS CONDITIONS 
7 are ee 


| Input low voltage; all inputs —03 08 


IH Input high voltage; all inputs 
except CLK1 





IL 
V 
Vin Input high voltage; CLK1 0.7 X Voc 


a 
Yor | Supine a oui 
or | Sani ah a aoa 
ow | Sap aha a ode 
Pi | etn et 


Three-state output leakage current in 
float 


Input power supply current 
CLKOUT = 12.5 MHz 
CLKOUT = 10 MHz 
CLKOUT = 8 MHz 
CLKOUT = 0.5 MHz 





‘@) 
@) 


< 
Nn 
oO 





Vout = 0.4 V to 
Voc 


Outputs Open 















Power supply current Outputs Open. 


loce 


in IDLE mode. All /O functions 
CLKOUT = 12.5 MHz active. 
CLKOUT = 10 MHz 


CLKOUT = 8 MHz 
CLKOUT = 05 MHz 


Power supply current in STOP mode 


CAPACITANCE 
Ta — 25°C 





a 


SYMBOL | PARAMETER TEST CONDITION 


Input Capacitance Unmeasured pins 


returned to 


Three-state Output Capacitance ground 





10 
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MK68HC200 AC ELECTRICAL SPECIFICATIONS 

Ta = Ty to Ty, Veco = +5V +10% unless otherwise specified. 

AC measurements are referenced from minimum Vj, or maximum ‘v,, for inputs and from minimum Vo, or maximum 
Vo. for outputs. | 


DESCRIPTION 
RESET low time 


CLK 1 width high (external 
clock input) 


clock input) 
Crystal input frequency 
7 | PHI 1 low to PHI 1 high 


PHI 1 high to PHI 1 low 


PHI 1 low to CLKOUT low 
10 | PHI 1 high to CLKOUT high 


MK68HC200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS 
(UPC, GP, AND PRIVATE BUSES) 


“a DESCRIPTION 


ace ee 
’ 


11 | PHI 71 low to R/W, HB, LB, FC1, 
FC2, EXPMC, DMODE Valid 


PHI 1 high to AS low 
PHI 1 low to address valid 
AS low to address invalid 
PHI 1 low to tri-state address 


Tri-state address to DS, LDS, 
or UDS starting low (fast cycle) 


PHI 1 low to DS, LDS, or UDS 
low (fast cycle) 





UNITS | NOTES 
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PHI 1 low to R/W, HB, LB, FCI, 
FC2, EXPMC, DMODE invalid 


PHI 1 low to address/data bus 
driven 


21 | AS low to DS, LDS, or UDS 
starting low (fast cycle) 
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oO wo 

($3) oO) 

oO oO) 
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| 85 | AS high to FPRIV invalid 
| 86 | Address valid to FPRIV valid (fast cycle) 
Valid data setup to DS, UDS or LDS 


: i 





high during write (fast cycle) 


a 
ND = 
© a 
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MK68HC200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (UPC AND GP BUSES) 


‘DESCRIPTION 
Tri-state address to DS, LDS, 
or UDS starting low (standard cycle) 


PHI 1 high to DS, LDS, or UDS 
low (standard cycle) 


(é) 


4 


Valid Data Setup to PHI 1 low 


AS low to DS, LDS, or UDS 
starting low (standard cycle) 


R/W, HB, or LB valid to AS 
starting low 


27 | Address valid to AS starting low 
Input data hold time from PHI 1 low 


Input data hold time from DS 


PHI 1 low to DS, LDS, or UDS high 










eee aS = 
—h 
uo 


LDS, or UDS high 








DTACK low or FPRIV valid setup to PHI 1 high 
LDS, UDS, or DS high to 
DTACK high (hold time) 
33 | LDS, UDS, or DS pulse width 120 


PHI 1 high to AS high 
out invalid 


Address valid to FPRIV valid 
(standard cycle) 


Valid data setup to DS, LDS, or UDS 190 | 
during write (standard cycle) 
DS, LDS or UDS low to data in 
valid (fast cycle) 

DS, LDS or UDS low to data in 
valid (standard cycle) 


92 | Address valid to data in valid (fast 


cycle) _ 
93 | Address valid to data in valid 
(standard cycle) 


3 


N 
co 
oO 


— 
Nn o1 
(eo) 
—_ 4 
NO e) 
oS oO 


4 
NO 
Oo 


8 


nm 
BSS 
o 











ce) 














2) wm! S|] & 
oO; al; oOo 


10 MHz 


seat UNITS 


ns 


8 3 
ig 


a] 


) 


4 
Ww 
[be] 


on) Ni — nN N aS 
ro) ie) in nr 


111 


=) 
w 


+ |W Ww 


ies r 
a ns 
= 

ca 


3 
n 


3 
n 


3 


a | 
o 


n 


ns 


=) 
(2) 


—s 
aur 
on 
=) 
i?) 


— 
ice) 
on 
a 
” 


MK68HC200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (UPC BUS) 


DESCRIPTION 
BGACK low to BR high 


BG low to BGACK low 


B 

BGACK, AS, DTACK, inactive 

to BGACK low; BG already low 
BGACK low to AS, UDS, LDS, R/W 
or address/data bus driven 


AS, LDS, UDS, R/W or address/data 
bus tri-state to BGACK high 
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NOTES 


NOTES 
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MK68HC200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (GP BUS) 


* DESCRIPTION | MIN | MAX MIN | MAX = -_ 


ei low to BUSOUT low (bus 
47 


lees fast cycle, no wait states) 
50 












BUSOUT high to AS, DS, R/W, LB, 
HB or address/data bus driven 
(bus grantor) 


BUSIN high to BUSOUT high 
(bus grantor) 


Tri-state AS, DS, R/W, LB, HB or 
address /data bus to BUSOUT low 
(bus grantor) 


BUSOUT Iow to AS, DS, R/W, 
LB, HB or address/data bus driven 
(bus requestor, BUSIN low) 


BUSIN low to AS, DS, R/W, LB, 
HB or address/data bus driven 
(bus requestor, BUSOUT low) 


51 

53 | BUSOUT high to BUSIN high 275 240 
(bus requestor) 
Tri-state AS, DS, R/W, HB, LB or 50 39 31 
address/data bus to BUSOUT high 
(bus requestor) 


MK68HC200 BUS AC ELECTRICAL SPECIFICATIONS (PRIVATE BUS) 


* DESCRIPTION 


Valid Data Setup to PHI 1 low 


PBRI/W valid to PBAS starting 
low 


Address valid to PBAS starting ae fei 17 ns | 
low 


Input data hold time from PHI 1 
low 


Input data hold time from PBDS | ie 0 0 ns | 
high 
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MK68HC200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (PRIVATE BUS) (Cont.) 

































































































8MHz | 10MHz | 12.5 MHz 
NO. | DESCRIPTION MAX | MIN | MAX | MIN | MAX | UNITS | NOTES 
PHI 1 low to PBDS high 80 63 50 | ns 
PBDTACK low setup to PHI 1 high 10 POT lpi ch ns 
63 | PBDS high to PBDTACK high 15 [15 [ 15 | ns 
(hold time) | { eo 
PBDS pulse width 95 | | 75 | 60 - ns 
PHI 1 high to PBAS high 58 | | 45 36 | ns ; 
/ 66 | PHI 1 low to data out invalid 10 10 10 ns 
a Na a st St Pane eee 2 
67 | PBAS inactive 100 81 65 | | ns 
68 | PBDS high to data out invalid 100 81 < ns | 
PBDS hi j 1 15 15 ns | 
| 69 | PBDS high to PBAS high _| 15 =i _ 
PBDS low to data in valid l 2 37 | ns 
Address valid to data in valid ee 238 | ons | 





MK68HC20C INPUT/OUTPUT AC ELECTRICAL CHARACTERISTICS 


8 MHz | 10 MHz | 12.5 MHz 
DESCRIPTION | MIN | MAX | MIN | MAX | MIN | MAX | UNITS | NOTES 

























Delay from STRH, STRL high to 


a RDYH, RDYL low 
75 | Delay from data valid to RDYH, 
RDYL. high (output mode) 


a Delay from STRH high to data out 





70 | Active and inactive | For XI2, XI1, 
pulse times STRH, STRL, 
TAL TBI, NMI state 1 
For Xo rats ts mc times 
Input data setup to falling edge of 5 
STRH, STRL 
Input data hold from the falling 
edge of STRH, STRL 
RDYH, RDYL low time ter na 
[2 ee 
74 
76 





(bidirectional. mode) 


77 | Port 0 data hold time from STRH 
low (bidirectional mode) 
Delay to Port 0 float from STRH 
low (bidirectional mode) 


—— TCLK,RCLK hnsaiconag alll as ee | .125 | DC | 100 | DC | 080 | DC 








(asynchronous) as | as output | .250 
TCLK,RCLK period 500 | DC DC | 320 | DC 
eynemenele)> 

1 DC 


or high 
asynchronous 
TCLK, RCLK width 
low or high 
(synchronous) 







as output 











00 
pc | 3 | pc 
Pa fc [ 4 [pe [4 [ec 


as as input 
as output 
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MK68HC200 INPUT/OUTPUT AC ELECTRICAL SPECIFICATIONS 


10 MHz | 12.5 MHz 
DESCRIPTION | MAX | | UNITS NOTES 


TCLK low to SO | TCLK as rem 
delay (sync mode) +> — 
TCLK as situ 


SI to RCLK high | RCLK as input 
setup time (sync | 
mode) RCLK as output 


SI hold time from | RCLK as input 
RCLK high ! 
' (sync mode) RCLK as output 








NOTES 

1 One state time is equal to one-half of the instruction clock (PHI 1) p¢ 

2 For the private bus case. the signals referenced apply to the ¢qu /alen 
private bus signals 


5 6 


LOAD 1 LOAD 2 


IN914 
TEST POINT TEST POINT 


-2.5V vwo——O Vee 


2K... (1%0) 






20K: USOCEF 


(1%) | 


—_— — TEST LOAD 2 IS APPLICABLE TO 
P1-12 AND P1-8 


TEST LOAD 1 IS APPLICABLE TO 
ALL PINS EXCEPT P1-12. P1-8. AND 
CLKOUT. 


LOAD 3 


IN914 
TEST POINT 


+ 2.5V 





(1%) 


20K’: 
(1%) 


25 pF = 


TEST LOAD 3 IS APPLICABLE TO CLKOUT. 


Figure 17. Output Test Load 
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4) 


aa Nd oO ae ae ae 
(EXTERNAL CLOCK 
SIGNAL) 
RESET J ; 
X12, X11, X10, : . 
TAI, TBI, NMI, 
STRL, STRH 


Figure 18. MK68HC200 AC Timing 
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PHI 1 


CLKOUT 


A/D (READ) 


A/D (WRITE) 


FPRIV 





FC1, FC2 
EXPMC 
OMODE 





orcence remem 





Figure 19. MK68HC201 UPC Bus Timing (Fast Cycle) 
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CLKOUT 








® ass, 
FCI. FC2 
EXPMC 
DMODE 


Figure 20. MK68HC201 UPC Bus Timing (Standard Cyvie) 


58/73 





THOMSON SEMICONDUCTEURS 


3-134 





MK68HC200 








Figure 21. MK68HC201 UPC Bus Arbitration Timing 
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So st $2 $3 $4 $5 


A/O (READ) 


A/O (WRITE) 





Figure 22. MK68HC211 GP Bus Timing (Fast Cycle) 
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Figure 23. MK68HC211 GP Bus Timing (Standard Cycle) 
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so $1 $2 $3 $4 S5 S6 S7 
©— 
PHI1 
Q—-+@ | 
(10) 


CLKOUT 








Figure 24. MK68HC211 GP Bus Timing (Interrupt Acknowledge Timing) 
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Figure 25. MK68HC211 GP Bus Arbitration Timing (Bus Grantor) 
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Figure 26. MK68HC211 GP Bus Arbitration Timing (Bus Requestor) 
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MK68HC200 
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so $1 S2 $3 $4 $6 


PHI 1 
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CLKOUT 





PBR/W 
PBHB. PBLB ne 





PB A/D 
(READ) 


PBDS 





PBOTACK 


PB A/D 
(WRITE) 


FPRIV 


FC1, FC2 
EXPMC 
DMODE 








Figure 27. MK68HC221 Private Bus Timing (Fast Cycle) 
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Figure 28. Input/Output AC Timing (Data Input) 
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Figure 29. Input/Output AC Timing (Data Output) 
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PORTO INPUT DATA OUTPUT DATA 





STRL 


ROVL 


ee reermeetnrmnens fl cere fer 


RDYH 


STRH 


Figure 30 . Input/Output AC Timing (Bidirectional I/O) 


TCLK 


SO 


RCLK 


SI 





Figure 31. Input/Output AC Timing (Serial 1/0) 
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PHYSICAL DIMENSIONS 


MK68HC200 52-Pin 
Ceramic Leadless Chip Carrier (E) 





TOP VIEW BOTTOM VIEW 











INCHES 










MIN. 
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NOTES: 
1. Body material shall be ceramic. 
2. Plating shall be gold over nickel as specified in the detail specification 


_ 


—} 
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TINCH 2.54 CENTIMETERS 


THOMSON SEMICONDUCTEURS 


3-143 





MK68HC200 





MK68HC200 52-Pin 
Plastic Leaded Chip Carrier (Q) 








DIM INCHES 





NOTES: 


1. LEAD FINISH TO BE 
SPECIFIED PER CUSTOMER 
AGREEMENT. 


2. WHEN SOLDER DIP LEAD 
FINISH IS SPECIFIED, THE 
MAXIMUM LIMIT SHALL BE 
INCREASED BY .OOS. 
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1 INCH = 2.54 CENTIMETERS 
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MK68HC221 84-Pin 
Ceramic Leadless Chip Carrier (E) 


TOP VIEW 




















IATIVTINTIVU a Tsereressscssooosee 


, INCHES 
MIN MAX 


1.167 
————}— 
1.167 





BOTTOM 














' 0.056 

















K 
L 








M 0.495 | 0.505 
1 INCH = 2.54 CENTIMETERS 
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MK68HC221 84-Pin 
Plastic Leaded Chip Carrier (Q) 
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1 INCH = 2.54 CENTIMETERS 
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NOTES: 


!. LEAD FINISH TO BE 
SPECIFIED PER CUSTOMER 
AGREEMENT. 


2. WHEN SOLDER DIP LEAD 
FINISH IS SPECIFIED, THE 
MAXIMUM LIMIT SHALL BE 
INCREASED BY .OOS. 
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ORDERING INFORMATION 


There are two types of part numbers for the MK68HC200 
family of devices. The generic part number describes 
the basic device type, the amount of ROM and RAM, 
the desired package type, temperature range, power 


Generic Part Number 


An example of the generic part number is shown below: 


MK68HC 20 1 


/ 4 
ie eee een =a 

















N - 0 6 
=e 


>" 




















NOTES 

1 Must be “4” when specifying the ROM version 

2. Must be 8” when specifying the emulator version 
3. Must be “0” when specifying the emulator version 
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supply tolerance, and expandable bus interface type. 
The device order number indicates the specific mask set 
Mostek will use to manufacture the device, along with 
package type, speed grade and temperature range. 


Denotes maximum instruction clock 


frequency. 
8 = 8 MHz 
10= 10 MHz 
12= 12.5 MHz 


Denotes operating temperature range. 
C = 0° to +70°C 
V = —40°C to +85°C 
M= -55°C to +125°C 


Leadless Chip Carrier 


Package Type. = 
Q = Plastic Leaded Chip Carrier 


eo 


RAM Designator. 4 = 256 Bytes’ 
8 = 512 Bytes? 


II 


ROM Designator. 0 = None’ 


4 = 4K Bytes 
Basic Device Type. 68HC201 = UPC Bus 
68HC211 = GP Bus 
68HC221 = Emulator with 


UPC/GP input 
pin 
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Device Order Number 


An example of the device order number is shown below: 


MK 4 3 1 5 2 


aaa 


- O 6 
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Denotes maximum instruction clock frequency. 


8 = 8 MHz 
10 = 10 MHz 
12 = 12.5 MHz 


Denotes operating temperature range. 
C = 0° to +70°C 
V = -40°C to +85°C 
M = —55°C to +125°C 
Package Type. E = Ceramic Leadless Chip.Carrier 
Q = Plastic Leaded Chip Carrier 


Version/Code Specific Number. 
For MK68HC201, MK68HC211: 
002 = No ROM version (standard catalog item) 
Oxx = Reserved for catalog codes 
100 - 999 = Customer Code (Mostek Assigned) 
For MK68HC221: 
030 = GP/UPC, 512 bytes RAM, no ROM 


Basic Device Type. 

40 = Emulator Version 

43 = UPC, 0 or 4K bytes ROM. 
256 bytes RAM 
GP, 0 or 4K bytes ROM, 
256 bytes RAM 


44 
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PART NUMBER EXAMPLES (A noninclusive list) 


MK68HC201/44Q-C10 Device Order Number = MK43XXXQ-C10 
Speed = 10MHz 
Temperature = 0° to 70°C 
Package = 52 pin plastic LCC 
RAM = 256 bytes 
ROM = 4096 bytes 
Bus = UPC 









Device Order Number = MK44002Q-C8 
Speed = 8MHz 

Temperature = 0° to 70°C 

Package = 52 pin plastic LCC 

RAM = 256 bytes 

ROM = None 

Bus = GP 


Device Order Number = MK40030E-M12 
Speed = 12.5MHz 

Temperature = —55°C to +125°C 
Package = 84 pin ceramic LCC 

RAM = 512 bytes 

ROM = None 
Bus = GP/UPC 


Device Order Number = MK43XXXQ-V8 
Speed = 8MHz 

Temperature = --40 to +85°C 

Package = 52 pin plastic LCC 

RAM = 256 bytes 

ROM = 4096 bytes 

Bus = UPC 





MK68HC211/04Q-C8 












MK68HC221/08E-M12 











MK68HC201/44Q-V8 


These specifications are subjet to change without notice. 
Please inquire with our sales offices about the availability of the different products. 
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SURFACE MOUNTED DEVICES SELECTION GUIDE 












SO 24 PLCC 28 


CB-524 CB-520 





4-BIT MCUs 















































ET9320 @ 1-45 
ET9321 e 1-45 
ET9322 @ 1-45 
ET9420 e 1-45 
ET9421 e 1-45 
ET9422 @ 1-45 
ETC9310 6 1-5 

ETC9320 @ 1-5 

ETC9321 e 1-5 

ETC9322 @ 1-5 

ETC9344 ® 1-69 
ETC9345 6 1-69 
ETC9410 € 1-5 

ETC9420 ® 1-5 

ETC9421 e 1-5 

ETC9422 @ 1-5 

ETC9444 e 1-69 
ETC9445 @ 1-69 
ETL9310 @ 1-21 
ETL9311 @ 1-21 
ETL9320 6 1-21 
ETL9321 ® 1-21 
ETL9322 @ 1-21 
ETL9344 ® 

ETL9345 @ 

ETL9410 e 

ETL9411 

ETL9420 e 

ETL9421 e 

ETL9422 e 

ETL9444 6 

ETL9445 ® 
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SURFACE MOUNTED DEVICES SELECTION GUIDE 


PLCC 28 PLCC 44 PLCC 52 
CB-520 CB-521 








PLCC 84 
LCCC 84 





8-BIT MCUs 


EF6801 
EF6801U4 
EF6804J2 
EF6804P2 
EF6805P2 
EF6805P6 
EF6805R2 
EF6805R3 
EF6805U2 
EF6805U3 
EF68HCO4P3 



















16-BIT MCUs 


MK68211 
MK68E201 
MK68E211 
MK68E221 
‘MK68HC201 
MK68HC211 
MK68HC221 
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SURFACE MOUNTED DEVICES SELECTION GUIDE 


SURFACE MOUNTED DEVICES: today’s 
solution for state-of-the-art system designs. 


Today's trend toward light weight system designs 
with high component density allows Surface Mounting 
Technology to revolutionize manufacturing in 

the Electronics industry. 


Reduction in board assembly cost by as much as 40% 
and in board size by as much as 50% is a goal that 
can be reached throught the utilization of Surface 
Mounted Devices: 

Active Semiconductors (SO IC’s) - SO Discretes 

and Chip carriers as well as passive resistors and 
capacitor chips. 


Today system designers can select package outlines 
that meet state-of-the-art weight/space ratio 
requirements while enhancing electrical performance. 


By 1990, through widely accepted data, one can 
foresee above 50% of the world wide demand to be 
Surface Mounted Devices. 






aeeee 
—yeetse te 
ee 


Epoxy Molding 
Compound 





Included in the THOMSON SEMICONDUCTEURS family 
of Surface Mounted Devices are integrated circuits 
(SO8 - S028), Plastic Leaded Chip Carriers (PLCC) from 
18 to 84 pins, Leadlen Ceramic Chip Carrier’s (LCCC) 
from 20 to 68 pads, as well as discrete diodes and 
transistors in SOT 23 (TO-236). 


Capacitor chips are also available in THOMSON LCC. 
Compared to conventional types THOMSON SC’s SMD 
have the following features: 

¢ Compact design enabling high packing density and 
significant reduction in board size and weight, for 
instance in consumer electronics, telecommunications 
and automotives. 

e Easy and low cost handling through automated high 
speed pick and place machinery. 

¢ Mounting capability on both sides of all types of 
substrates (Ceramic or PC boards) using all current 
methods, such as wave soldering reflow and vapor 
phase technics. 

* Same electrical characteristics (same dice) as 
conventional packages, with improved high frequency, 
high speed switching performances due to lower lead 
inductance and capacitance. 

e Optimized way to package VLSI circuits by utilizing 
plastic chip carrier along with SO packages, leading to 
a major advantage over chip and wire assembly 
processes. 





Output lead 


— Lead frame: spot plated copper 

— Die attach: silver filled compound 

— Wire bonding: Thermosonic ball bonding of 
golf wires 

— Encapsulation: high performance non inflammable 
epoxy 

— Lead coating: 40/60 Sn-Pb solder dipping. 
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MOUNTING METHODS 


PLCC and LCCC may be mounted on either PC boards 
or substrates, employing different soldering methods. 


Reflow process 

® This method permits the soldering of all components 
in a single operation. In this case, solder cream is used 
either by screen printing or employing a pneumatic gun. 
After the application of solder cream the components 
are mounted and the circuit is guided through an 
infrared or convection oven which allows the solder 

to melt. . 

In order to avoid solder spreading risks and to position 
the components, the board should be pre-screen printed 
with an insulating material. 







fusion 


Solder fusion 
- temperature 
pre-heating 


e An other way to solder coat the board is to dip it into 
a soldering bath or through wave soldering. Then, flux 
is applied by a brush or immersion and the components 
are placed. 


The soldering is done by reflow through an oven 

as above. 

The result obtained by both methods is identical. 
However, in this case, a complete tinning of the circuit 
is necessary. 


Wave soldering process 

The components are glued to substrate by means of 
an insulated glue. The board is dipped in flux and then 
goes through the wave soldering process. 





Hot air soldering 

In this system, the soldering iron must be replaced by 
a hot air nozzle. Employing this method, 

an improvement in solder temperature contro! 

is achieved. 

It is also easy to correct some soldering failures 

with this method. 


Heated collet 
This method is used for rework and soldering PCC 
on the versus side of the board after wave solder. 


Vapor phase soldering (VPS) 

This method uses the heat of the vapor of a boiling 
inert fluorinated fluid. Soldering is accomplished 

by either screening tin layers or by electroplating 
solder paste. 

Components are then mounted in appropriate locations 
and soldered to the circuit by dipping it into the vapor 
of boiling inert fluorinated fluid. 

The main advantages of this method are: 

© Uniform workpiece temperature whatever the 
difference in size of the components involved 

e Accurate temperature without any elaborate control 
(temperature of boiling inert fluid) 

¢ Dipping time may be very short and as a consequence 
better soldering results are obtained 

® Soldering takes place in an oxygen-free atmosphere 
which permits: 

— to use less active soldering flux, and 

— to avoid soldering flux oxidation (easy cleaning 

of remaining flux). 


Remarks 

Various types of high speed automatic mounting 
equipments for passive and active devices are available 
contributing to considerable reduction in production 
costs. 


THERMAL CHARACTERISTICS 


Thermal performances of SMD are dependent upon 
substrate material, size, mounting process, chip area, 
die attach and lead frame material characteristics. 


Rin y-a((C/W) 






0 


Junction-ambient air thermal resistance, components reported on classical PC board (FR 4, 1.3mm thickness, 50 x 50 mm size). 


Allowable power dissipation can reach 350 mW 
according to device type, refer to data sheet. 
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For PLCC, copper is selected in order to improve the 


thermal characteristics. Therefore thermal resistance 
approaching that of a conventional Fe Ni 42 DIL can be 
obtained. 


Cu lead frame 





me ma oa FE Ni lead frame 


N 
50 (pin count) 








evelopment and emulation tool 


INICE 4-8 


| DEVELOPMENT AND EMULATION TOOL 


INICE4-8 is a support for: ; 

e EF6800 and EF6809 MPU Families 

e EF6805, EF6804 and TS68HCO4 MCU Families 
e ETC 9400 and ETL 9400 MCU Families 

e TS94000 MCU Family. 


SOFTWARE DEVELOPMENT ON IBM-PC 


DEVELOPMENT WITH INICE 4-8 


INICE 4-8 is a powerful, lowcost and user friendly 
stand alone development tool, fully dedicated to 
support the complete range of 4 and 8 bit MCU’s 
manufactured by THOMSON-SC. 


INICE 4-8 offers 2 RS 232 C Serial communication 
lines: 

- one to interface to a host computer IBM-PC (1) 
which provides functions of human interface and 
software development. 

- the other is used for auxiliary systems such as a 
line printer. Eprom programmer or centralized main- 
frame. 


The whole development station comprises the host 
computer IBM-PC, INICE 4-8 and a probe dedicated 
for each MPU and MCU family. 


SOFTWARE DEVELOPMENT ON IBM-PC 


The choice of a standard personnal computer for 
Software purposes (MS DOS operating system) and 
for hardware (IBM-PC bus) is an important key to 
obtaining a full evolutive and open system. 


It offers access to a very large Software library. 


Full screen editor: word, wordstar... (2) 
Full range of development software 

- MPU and MCU cross assembler 

- linking editor. 


(1) Adaptation for Vax computer will be available in 
1987. 
(2) Software available in library for IBM-PC. 


INICE 4-8 INTERACTIVE SOFTWARE 


Software supplied to control INICE 4-8 offers the 
ability to use the advantages of the powerful archi- 
tecture hardware. 


e Meaningful mnemonics 
e Wide choice for characterising values 
(Decimal, Hexa, ASCII) 
e Aids to the operator when in difficulty 
Full range of debugging aides 
- On line assembler/disassembler 
8 hardware breakpoints 
8 software breakpoints 
Logic analyser triggered breakpoints 
Execution program step by step in RAM and 
ROM area 
Echo on line printer 
Load and save program through RS 232 C 
connection 
Memory check 
Operator keyboard entry request can be chai- 
ned in a command file 
Self test of the entire system INICE 4-8 + 
emulator probe at power up 
Possibility to temporarily leave control of emu- 
lation session to access DOS routines, through 
the emulation session keeps acting. 


IBM-PC: is a registered trade mark of International Business MachineCorp. 





JANUARY 1987 1/2 


43, Avenue de l'Europe - 78140 VELIZY-VILLACOUBLAY/FRANCE - Tel. : (1) 39.46.97.19 - Telex TCSF 204780F - Telecopie : (1) 39.46.52.64 





INICE 4-8 





TSTMU 94 


EMULATION WITH INICE 4-8 (*) 


An advanced architecture for total transparency and 
dynamic emulation. | 


Thanks to the dual processor architecture (System 
bus and emulation bus), the emulated MPU or MCU 
operates independently of the other system pro- 
cessors. 


Therefore, it is possible during execution, to list or 
modify emulator probe control parameters. 


REALTIME EMULATION 


With the transparency feature, the emulated pro- 
cessor operates at 100% of the maximum speed 
specified by the manufacturer. 


(*) Each emulator probe is delivered with an interac- 
tive software specific to each MPU or MCU family. 


OPEN ENDED 


- Switching from one MPU or MCU to another by 
changing only the emulator probe 

- Program execution without existing final appii- 
cation 

- Shared overlay memory (16 Kbytes) in blocks of 


256 bytes 


- Write protect facility for individual blocks 


-. 8 hardware and 8 software breakpoints over 


entire emulation space. 


LOGIC ANALYSER 


The logic analyser operates with 1024 words of 32 
bits (16 address, 8 data bits, 8 available to user). 


With sampling and trigger or recognition of maska- 
ble words. Five operating modes are available. 


USER’S SELECTION GUIDE 


Development 
System 


EF6802 


EF6809 EF6809 
EF6809E 


EF6805 EF6805P2 


MC68705P3 


Emulator INICE Interactive 
Board software* 


TSR 6800 


TSR 6809 


TSR 6805 


MC68705P3 


EF6805U2 
EF6805R2 
EF6805U3 
EF6805R3 


EF6804P2 
EF68HCO4P3 


ETC9410/11 
ETC9420/21 
ETC9444/45 
ETL9410/11/13 
ET(L)9420/21/22 
ETL9444/45 


TS94000 TS94110 


TS94120 


* Cross assembler included 


MC68704P3 
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MC68705U3 
MC6805R2 
MC68705U3 
MC68705R3 


TSR 6804 
TSEMU04 ae 


TSR 6804 


TSR 94000 


Emulator 
Probe 


EFT EMUO 


EFT EMU9 


EFT MPU5 


_ EFT MUP4 


TSTMU94 


TST MU94 








PIGGY-BACK EMULATION TOOL 


The EMU-04 is a printed board module, build around EF68HC04P3, and a standard EPROM. 


It fully emulates de EF68HCO4P3 in the final applications, with the customer program stored in the board 
EPROM 


The EMU-04 includes MICRO, RAM, STACK, I/O parts EPROM Data and Program Space. 


The following block diagram discribes it. 


SERIAL 


PARALLEL 


REGISTERS 


68HCO4P3 


AODRESS | 
SERIAL 4 | DECODING 


PARALLEL 


REGISTERS 


CONTROL 
LOGIC 
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DIAGRAM 


68HCO4P3 
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DATA 








RST 
VAPC 
VZR 
R/W 





ila 
Leoeuaaeoee 








EMU-04 


20 
21 
22 
23 
24 


- 26 
27 


12 
13 
14 


16 
17 


18 
19 


10 
1 


28 


D5 
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25° 


PAO 


PA7 


PBO 


PB? 


VSS 


MDS 


XTAL 


EXTAL 


XTAL 


TIMER 
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SOFTWARE 


Instructions STOP & WAIT correctly work on piggy-back. Due to PAL & LS components of P.C. board, supply 
current does not meet Micro’s spec. It stands around 800 mA as it does in RUN mode. 


2732 EPROM have been chosen (acces time < X 300 nS) but 2764 or 27128 ones may be used, taking account 
than: 

- upper address bit must be correctly setted 

- program codes must stand in the lower 4 Kbytes space 

- one have to wire a socket adaptor between EPROM & piggy-back EPROM socket. 


DESCRIPTION 


All EF68HCO4P3 fonctions are restored. Thus application is emulated in real time and user program may be 
modified. © 


The DATA space and PROGRAM space are in EPROM space. ADDRESS'$00 to $17 and $60 to $95F are 
unknown. 


EPROM MAPPING 











$ 00 
$18 
$ 5F 
$ 960 
ROM 
PROGRAM SPACE 
$ FF7 
VECTORS 
$ FFF 


CLOCK 


Instead of using EF68HCO4P3 one can plug the piggy-back and use application clock, either quartz (pin 
EXTAL-XTAL) or CMOS levels (pin XTAL). 
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SELECTABLE OPTIONS 


As EF68HCO4P3 device you can choose maskable option on piggy-back board: 
- CLOCK: division by 1,2,4 
- !RQ: level or negative going edge. 


Two ways are available to supply the piggy-back: 
- Application supply (pin 3 of EF68CHO2P3 socket) 
- External power supply through DC supply plugs on piggy-back board. 


Due to bipolar components V supply must be 5 volts. (0,8 A). 


The following diagram shows where jumpers are located. 


POWER 


ne ee 


68HCO4P3 


EXTERNAL 
POWER 
SUPPLY 
PLUGS 


OUTPUT 
SOCKET 





LEVEL EDGE 
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SELF-CHECK 


A self-check program is available in EPROM to verify piggy-back. To use it you must connect pins according to 
the following diagram. (Piggy-back self-check program is different than monochip one). 


PSV. 


330 2 
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THOMSON SEMICONDUCTEURS SALES HEADQUARTERS : 
43, AVENUE DE L’EUROPE - 78140 VELIZY-VILLACOUBLAY - FRANCE 
TEL. (33 1) 39 46 97 19 / TELEX 204 780 F / TELEFAX. (33 1) 39 46 52 64 


INTERNATIONAL SALES NETWORK 


SU BSI D [ARI ES (March 1987) 


AUSTRALIA 


THOMSON COMPONENTS (AUSTRALASIA) PTY Ltd 
Suite 211 - Edgecliff centre 

203-233 New South Head Road 

SYDNEY NSW 2027 

Tel. (61 2) 327.13.18 Telex : AA 126911 TCAUS 

Telefax. (61 2) 327.61.76 


AUSTRIA 


THOMSON-CSF Elektronische Anlagen GmbH 
Lutzowgasse 12-14 

1140 WIEN 

Tel. (43 222° 94.62.82 Telex : 135572 TCSF WA 


BELGIUM and The NETHERLANDS 


THOMSON-CSF S.A.-N.V. 

363 Avenue Louise B.P. 10 

B-1050 BRUSSELS 

Tel. (32 2) 648.64.85 Telex : 24005 THBXLB 
Telefax. (32 2) 648.19.13 


BRAZIL 


THOMSON COMPONENTES DO BRASIL 
Avenida Roque Petroni JR 

BROOKLIN - CEP 04707 

SAO PAULO 

Tel. (55 11) 542.47.22 Telex : 1124226 TCSF BR 
Telefax. (55 11) 61.50.18 


FAR EAST ASIA 


THOMSON-CSF FAR EAST Ltd 

92, Granville Road 

Energy Plaza Building 

Units 1.2.3 A, 6th Floor 

Tsimshatsui East 

KOWLOON - HONG KONG 

Tel. (852 3) 721.96.82 Telex : 40766 HX TCFE 
Telefax. (852 3) 722.00.44 


FRANCE 


THOMSON SEMICONDUCTEURS 

43, Avenue de |’Europe 

78140 VELIZY-VILLACOUBLAY 

Tel. (33 1) 39.46.97.19 Telex : TCSF 204 780 F 
Telefax. (33 1) 39.46.52.64 


GERMANY (WEST) 


THOMSON BAUELEMENTE GmbH 
Perchtinger Str 3 

Postfach 70.19.09 

8000 MUNCHEN 70 - 

Tel. (49 89) 78.79.0 Telex : 522916 CSFD 
Telefax. (49 89) 787.91.45 


ITALY 


THOMSON COMPONENTI 

Via M. Gioia 72 

20125 MILANO 

Tel. (39 2) 699.41 Telex : 330.301 TOMCO-I 
Telefax. (39 2) 607.05.27 


For all other countries : 


THOMSON COMPONENTI 

Via Sergio |, 32 

00165 ROMA 

Tel. (39 6) 63.90.248 Telex : 620683 
Telefax. (39 6) 63.90.207 


JAPAN 


THOMSON JAPAN 

Semiconductor division 

TBR Bidg 715 Kojimachi 5-7 

CHIYODA-KU, TOKYO 102 

Tel. (81 3) 264.6348 Telex : 2324241 THCSF. J. 
Telefax. (81 3) 234.7539 


SOUTH EAST ASIA 


THOMSON.-CSF S.E. ASIA PTE. LTD. 

996 Bendermeer Road # 05-05 

Kallang Basin Industrial Estate 

SINGAPORE 1233 

Tel. (65) 295.31.24 Telex : RS 36124 TC SEA 
Telefax. (65) 296.87.15 


SPAIN 


THOMSON COMPONENTES Y TUBOS 
Calle Albacete, 5 

MADRID 28027 

Tel. (34 1) 405.16.15 Telex : 46033 
Telefax. (34 1) 404.60.02 


THOMSON COMPONENTES Y TUBOS 
Poligono Industrial Fontsanta Montilla, 5 
San Juan Despi 

BARCELONA 

Tel. (34 3) 373.30.11 Telex : 53077 
Telefax. (34 3) 373.38.50 


SWEDEN 


THOMSON KOMPONENTER SKANDINAVIAN AB 
Sandhamnsgatan 65 Box 27257 

S-10253 STOCKHOLM 

Tel. (46 8) 63.50.60 Telex : 12078 THCSF S 

Telefax. (46 8) 63.28.28 


UNITED KINGDOM and IRELAND 


THOMSON COMPONENTS Ltd 
Ringway House Bell Road 
DANNESHILL 

BASINGSTOKE - HANTS RG 24-0QG 
Tel. (44 256) 29.155 Telex : 858865 
Telefax. (44 256) 23.172 


U.S.A. (see complete network in the following pages) 


THOMSON COMPONENTS M.JSTEK CORPORATION 
1310 Electronics Drive 

CARROLLTON, Texas 75006 

Tel. (1) 214/466-6000 Telex : 730643 

Telefax. (1) 214/466-7602 


see THOMSON Composants Export network on the following pages. 
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AUSTRALIA 


CONSULAUST INTERNATIONAL PTY LTD 
P.O. Box 357. 

734 Riversdale Road 

CAMBERWELL, VIC 3124 

Tel. (61 3) 836.25.66 Telex : 37455 CONAUS AA 
Telefax. (61 3) 836.17.64 


3, Rd Floor 

10, Bridge Street 

GRANVILLE NSN 2142 / SYDNEY 
Tel. (61 2) 637.25.58 Telex : 23861 


PROMARK ELECTRONICS PTY LTD 

Suite 208, 6-8 Clarke Street 

CROWS NEST, NSW 2065 

Tel. (61 2) 439.64.77 Telex : AA 20474 PROMAR 
Telefax. (61 2) 436.08.63 


Suite 3, 366 Whitehorse road 

NUNAWADING, VIC 3131 : 

Tel. (61 3) 878.12.55 Telex : AA 35045 PROMEL 
Telefax. (61 3) 842.64.60 


BELGIUM AND THE NETHERLANDS 


INELCO 

94, avenue des Croix de guerre 
B-1120 BRUSSELS 

Tel. (32 2) 216.01.60 Telex : 64475 
Telefax. (32 2) 216.61.50 


ITT MULTICOMPONENTS 

15, rue Antoine-Court 

B-1080 BRUSSELS 

Tel. (32 2) 424.28.00 Telex : 22901 


ALCOM ELECTRONICS 

Esse Baan 1 

2908 LJ CAPELLE A/D IJSSEL 
Tel. (31 10) 51.95.33 Telex : 26160 
Telefax. (31 10) 45.86.48 


ITT MULTICOMPONENTS 

PB 345 

2700 AH ZOETERMEER 

Tel. (31 1794) 10141 Telex : 32360 
Telefax. (31 1794) 16544 


DENMARK 


SCAN SUPPLY A/S 

Nannasgade 18 

DK 2200 - COPENHAGEN 

Tel. (45 1) 83.50.90 Telex : SCALPY DK 
Telefax. (45 1) 83.25.40 


FINLAND 


A LAIKKO OY 

Kolmas Linja 16B22 

SF - 00530 HELSINKI! 

Tel. (358 0) 75.04.14 Telex : 125200 TOPCO SF 
Telefax. (358 0) 70.17.396 


INSELE OY 

Kumpulantie 1 

SF-00520 HELSINKI 

Tel. (358 0) 75.06.00 Telex : 122217 
Telefax. (358 0) 73.57.74 


FRANCE 
Région parisienne 


ALMEX 

48, rue de |’Aubépine 

B.P. 102 

Z.1. 92160 ANTONY 

Tel. (1) 46.66.21.12 Telex : 250067 
Telefax. (1) 46.66.60.28 


C.G.E. COMPOSANTS / GECODIS 
32, rue Grange -Dame-Rose 

Z.1. de Véelizy : 

92360 MEUDON LA FORET 

Tel. (1) 46.30.24.34 

Telefax. (1) 46.30.00.81 


MECODIS 

31, rue de Metz 

94700 MAISONS ALFORT 

Tel. (1) 43.78.18.18 Telex : 262061 
Telefax. (1) 48.93.13.13 


PEP 

6/8, rue Ambroise Croizat 

Z.|. des Glaises 

91120 PALAISEAU 

Tel. (1) 64.47.00.31 Telex : 603341 
Telefax. (1) 64.47.00.84 


RTF DIFFUSION 

59-63, rue Desnouettes 

75015 PARIS 

Tel. (1) 45.31.16.50 Telex : 260832 


SILEC/CODICOM 

52, rue des Carriéres 

B.P. 43 

94222 CHARENTON LE PONT 
Tel. (1) 43.75.95.92 Telex : 680363 


TCC-DIS : 

30, avenue de |’Epi d’Or 

94800 VILLEJUIF 

Tel. (1) 46.87.22.24 Telex : 261049 


TEKELEC/AIRTRONIC 

2-6, avenue Salvador-Allende - Bat. C 
93804 EPINAY CEDEX 

Tel. (1) 48.21.60.44 Telex : 630260 


Centre de l’agora 

523, place des Terrasses 

91034 EVRY CEDEX 

Tel. (1) 60.77.82.66 Telex : 691158 


Bureau des Arcades 

424 La Closerie - Bat. A 

Clos Mont d’Est 

93160 NOISY-LE-GRAND 

Tel. (1) 43.04.62.00 Telex : 220368 


1, rue Carle Vernet 

B.P. 2 

92310 SEVRES 

Tel. (1) 45.34.75.35 Telex : 204£ 2 
Telefax. (1) 45.07.21.91 


5, allée du Bourbonnais 
78310 MAUREPAS 
Tel. (1) 30.62.00.58 Telex : 698121 


Nord 


C.G.E. COMPOSANTS 
Parc des Moulins 

2, rue de la Créativité 

59650 VILLENEUVE D’ASCQ 
Tel. 20.67.04.04 


HEXA COMPOSANTS / DIRECT 
Immeuble Le Tertial 
1, rue des Promenades 


B.P. 11 
59110 LA MADELEINE 
Tel. 20.55.58.03 Telex : 120934 


SILEC/SIDE 

Avenue Robert-Schuman 

C2 Résidence de |'Europe 
59370 MONS-EN-BAROEUL 
Tel. 20.04.75.08 Telex : 172017 


TEKELEC/AIRTRONIC 
Immeuble Moulin 2 

5, rue du Colibri 

59650 VILLENEUVE-D’ASCQ 
Tel. 20.05.17.00 Telex : 160011 


Est 


C.G.E. COMPOSANTS 

27, avenue Kléber 

68000 COLMAR 

Tel. 89.41.15.43 Telex : 880951 


HEXA COMPOSANTS / SELFCO 
31, rue du Fossé-des-Treize 
67000 STRASBOURG 

Tel. 88.22.08.88 Telex : 890706 


SILEC/DEL 

Rue de |'Escault 

Z.1. St-Apollinaire 

21000 DIJON 

Tel. 80.71.57.45 Telex : 350833 


SILEC/SLRD 

36, rue des Jardins 

B.P. 1 

57023 METZ CEDEX 2 

Tel. 87.32.53.12 Telex : 660177 


SILEC/CODICOM | 

24, rue des Prés I’Evéque 
10000 TROYES 

Tel. 25.82.17.32 / 27.82.17.43 


TEKELEC/AIRTRONIC 

8, rue Gustave-Adolphe-Hirn 
67000 STRASBOURG 

Tel. 88.22.31.51 Telex : 880765 


Rhéne-Alpes 


ALMEX 

Norly 2 

Route des Peupliers 

69750 DARDILLY 

Tel. 78.66.00.66 Telex : 375187 


C.G.E. COMPOSANTS 
101, rue de Dieu 
69100 VILLEURBANNE 
Tel. 78.68.32.29 


PEP 

191 C, avenue Saint-Exupéry 
69500 BRON 

Tel. 78.00.70.02 Telex : 340855 


RTF DIFFUSION 

Le Chatelet 

5, place Carnot 

42000 SAINT-ETIENNE 

Tel. 77.74.61.49 Telex : 300921 


SILEC 

8, rue des Fréres L.-et-E. Bertrand 
69632 VENISSIEUX CEDEX 

Tel. 78.00.86.97 Telex : 340189 


SILEC/DEL 

Immeuble Le Zodiac 

40, avenue de !a Maveria 
74000 ANNECY-LE-VIEUX 

Tel. 50.23.17.29 Telex : 309261 


Z.A.C. du Rondeau 

Impasse du Docteur-Pascal 
38431 ECHIROLLES CEDEX 
Tel. 76.22.05.09 Telex : 960938 


TCC-DIS 

12 A, rue de Rupetit 
69740 GENAS 

Tel. 78.90.30.79 


TEKELEC/AIRTRONIC 

22, rue de ja Baisse 

69100 VILLEURBANNE 

Tel. 78.84.06.08 Telex : 370481 


Zirst 4 

Chemin des Prés 

38240 MEYLAN CEDEX 

Tel. 76.41.11.36 Telex : 980207 


Ouest 


ALMEX 

Immeuble Armorique 

171, rue de Vern 

35022 RENNES 

Tel. 99.51.66.16 Telex : 741034 
Telefax. 99.51.79.91 


C.G.E. COMPOSANTS 

9, rue du Général-Nicolet 

B.P. 1466 

35015 RENNES CEDEX 

Tel. 99.50.40.40 Telex : 740311 


HEXA COMPOSANTS 
7, rue Mogador 

76000 ROUEN 

Tel. 35.89.57.11 


HEXA COMPOSANTS / DIRECT 
B.P. 4012 

76021 ROUEN CEDEX 

Tel. 35.98.17.98 Telex : 770842 
Telefax. 35.88.50.81 


RTF DIFFUSION 

Rue des Landelles 

Z.1. Sud-Est 

35510 CESSON SEVIGNE 

Tel. 99.41.81.21 Telex : 741239 








SILEC/SIDE 

Résidence Front-de-Seine 

41, quai du Havre 

76000 ROUEN 

Tel. 35.98.22.99 Telex : 172017 


SILEC/RIME 

Rue de la Dutée 

B.P. 38 

44800 SAINT-HERBLAIN 

Tel. 40.46.12.00 Telex : 710084 


TEKELEC/AIRTRONIC 

20, avenue de Crimée 

B.P. 2246 

35022 RENNES CEDEX 

Tel. 99.50.62.35 Telex : 740414 


Centre et Centre-Ouest 


C.G.E. COMPOSANTS 

Z.I. Allée de la Détente 

86361 CHASSENEUVIL-DU-POITOU 
Tel. 49.52.88.88 Telex : 791525 


SILEC/AUVERLEC 

Z.|. 2, rue de I’Industrie 

B.P. 2 

63800 COURNON-D’AUVERGNE 
Tel. 73.84.76.62 Telex : 390926 
Telefax. 73.84.95.26 


Aquitaine-Midi-Pyrénées 


ALMEX 

Immeuble «Centreda» 

Avenue Didier-Daurat 

31700 BLAGNAC 

Tel. 61.71.11.22 Telex : 521370 


C.G.E. COMPOSANTS 

B.P. 81 

33605 PESSAC CEDEX 

Tel. 56.36.40.40 Telex : 550696 
Telefax. 56.07.64.41 


55, avenue Louis-Bréguet 
31400 TOULOUSE 
Tel. 61.20.82.38 Telex : 530957 


HEXA COMPOSANTS / SODIMEP 
Z.|. du Palays 

B.P. 4345 

31038 TOULOUSE CEDEX 

Tel. 61.54.34.54 Telex : 530737 
Telefax. 61.34.95.33 


Cedex 52 

Rue Edouard Faure 

33083 BORDEAUX CEDEX 
Tel. 56.39.93.42 


SILEC/SPELEC 

55, boulevard de Thibaud 
31084 TOULOUSE CEDEX 

Tel. 61.41.05.00 Telex : 530777 


TEKELEC/AIRTRONIC 
Immeuble «Le Montesquieu» 
Avenue Président-Kennedy 
33700 MERIGNAC 

Tel. 56.34.84.11 Telex : 550589 


22/24, boulevard Thibaud 
31084 TOULOUSE CEDEX 
Tel. 61.40.83.94 Telex : 520374 


Provence-Céte d’Azur 


C.G.E. COMPOSANTS 
Bureau 3000 

Avenue Eugeéne-Donadei 

Bat. B 

06700 ST-LAURENT-DU-VAR 
Tel. 93.07.77.67 Telex : 461481 


HEXA COMPOSANTS / DIMEL 
B.P. 1153 

83058 TOULON CEDEX 

Tel. 94.41.49.63 Telex : 430093 
Telefax. 94.46.54.66 


TCC-DIS/SRD 

ZA. l'agavon 

Avenue Lamartine 

13170 LES PENNES-MIRABEAU 
Tel. 42.02.91.08 Telex : 440076 


TEKELEC/AIRTRONIC 

Tertia 2 

B.P. 77 

13762 LES MILLES CEDEX 
Tel. 42.24.40.45 Telex : 440928 


GERMANY AND AUSTRIA 


ELECDIS RUGGABER GMBH 
Hertichstr. 41 

7250 LEONBERG / STUTTGART 
Tel. (49 7152) 602.0 Telex : 724192 


ECS FREHSDORF GMBH 
Carl-Zeiss-Str. 3 

2085 QUICKBORN 

Tel. (49 4106) 700.50 Telex : 213693 


JERMYN GMBH 

Schulstr. 84 

6277 BAD CAMBERG 

Tel. (49 6434) 230 Telex : 415257 
Telefax. (49 6434) 23-289 


METRONIK GMBH 

Leonhardsweg 2 

8025 UNTERHACHING 

Tel. (49 89) 61108-0 Telex : 17/897434 
Telefax. (49 89) 6116468 


RSC-HALBLEITER UND 
Elektronische Bauelemente GMBH 
Industriestr. 2 

7536 ISPRINGEN / PFORZHEIM 

Tel. (49 7231) 801-0 Telex : 783650 
Telefax. (49 7231) 82282 


SETRON SCHIFFER ELECTRONIC GMBH 
Theodor-Heuss-Str. 4b 

3300 BRAUNSCHWEIG 

Tel. (49 531) 80011 Telex : 952812 

Telefax. (49 531) 85910 


SPOERLE ELEKTRONIK KG 
Max-Plank-Str. 1-3 

6072 DREIEICH 

Tel. (49 6103) 304-0 Telex : 417983 
Telefax. (49 6103) 304201 





ELBATEX GES.M.B.H. 

Eitnergasse 6 

A-1232 WIEN 

Tel. (43 222) 86.32.11-0 Telex : 133128 
Telefax. (43 222) 86.32.11-200 


GREECE 


MAKONIK A. LUCINI AND CO.OE 

90 Archilleus Street 

KALLITHEA - ATHENS 

Tel. (30) 941.93.29 Telex : 219150 MAKO GR 


HONG KONG 


JARDINE INDUSTRIAL SUPPLIES 

20 th Floor, Sing Pao Building 

101, King's Road, North Point, 

HONG KONG 

Tel. (852 5) 716213 Telex : 60004 JISHK HX 
Telefax. (852 5) 807.29.30 


INDONESIA 


PT GENERAL EKA ENGINEER’S CORP LTD 
JLN Tanah Abang IV NO 15 

JAKARTA 

Tel. (6221) 361608 Telex : 46761 TTGE IA 


ITALY 


ADVECO 

Via-Lattuada, 20 

20135 MILANO 

Tel. (39 2) 545.64.65 Telex : 340116 


CAMEL 

Via Tiziano 18 

20145 - MILANO 

Tel, (39 2) 498.14.81 Telex : 325237 
Telefax. (39 2) 481.86.37 


COMPREL S.P.A. 

Viale F. Testi 115 

20092 CINISELLO BALSAMO (MI) 
Tel. (39 2) 612.06.41/5 Telex : 332484 
Telefax. (39 2) 612.81.58 


ELEDRA 

Via Giacomo Watt, 27 

20143 MILANO 

Tel. (39 2) 81.82.1 Telex : 332332 
Telefax. (39 2) 81.82.211 


LASI 

Viale F. Testi 126 

20092 - CINISELLO BALSAMO (MI) 

Tel. (39 2) 244.00.12-212 Telex : 352040 
Telefax. (39 2) 248.77.17 


MECOM 

Via Ognissanti, 83 

35129 PADOVA 

Tel. (39 2) 807.03.22 Telex : 430602 
Telefax. (39 049) 807.02.78 


RECOM 

Via E. Collamarini, 22 

40138 BOLOGNA 

Tel. (39 051) 53.48.83 Telex : 511818 
Telefax. (39 051) 53.12.17 


RG2 

Via Rosa Luxemburg 12/14 

10093 COLLEGNO, TORINO 

Tel. (89 011) 71.22.89 Telex : 224335 


JAPAN 


AMSC CO, LTD 

Asahiseimei 6-7, Nakamachi 1-chome, 
Musashino-Sh 1, 

TOKYO 180 

Tel. (81 422) 54.6800 

Telefax. (81 422) 54.6179 


Toabo 2nd Bidg 23, Awajimachi 3-chome, 
Higashiku 

OSAKA 541 

Tel. (81 06) 222.1031 


INTERNIX INC., 

Shinjuku Hamada Bidg 

7-4-7, Nishi Shinjuku 
SHINJUKU-KU, TOKYO 160 

Tel. (81 3) 369-1101 Telex : J26733 
Telefax. (81 3) 366-8566 


MCM JAPAN LTD 

Maison L-203 

1-1-6, Sakurashinmachi-Setagaya-ku 

TOKYO 154 

Tel. (81 3) 705.5611 Telex : 02466416MCM JPNJ 
Telefax. (81 3) 705.5617 


MICRO SUMMIT K.K. 
NO.5 MORI Bidg 

1-17-1 Toranomon 
MINATO-KU, TOKYO 105 
Tel. (81 3) 593-2210 
Telefax. (81 3) 593-2206 


TOMEN ELECTRONICS CORP. 
1-1 Uchisaiwai-cho 2 chome 
CHIYODA-KU, TOKYO 100 

Tel. (81 3) 506-3671 

Telefax. (81 3) 506-3497 


MALAYSIA 


COSMOS COMPANY 

79 B Jalan Jejaka 9 

Taman Maluri, cheras 

55100 KUA LA LUMPUR 

Tel. (60 03) 985.1812 Telex : MA 21527 COSMOS 


NEW ZEALAND 


HENLYNN DISTRIBUTORS LTD 
Po. Box 12 550 

PENROSE AUCKLAND 

Tel. (64 9) 592453 Telex : NZ 63677 
Telefax : (64 9) 592561 


NORWAY 


SATT ELECTRONICS A/S 

P.O Box 70 

N-1322 HOVIK 

Tel. (47 2) 12.36.00 Telex : 72558 
Telefax. (47 2) 12.32.10 


PHILIPPINES 


EDGE-HORTH MARKETING CORPORATION 
5TH FLR, Pacific Bank Bldg, 

O, Paredes Street, C.P.O. Box z '29 

BINONDO, MANILA 

Tel. (63) 471541/8 Telex : RCA 27993 EDAMC PH 





PORTUGAL 


ELECTROQUIPO 

15, rua S. José 

1100 LISBOA 

Tel. (351) 37.03.17 

Telex : 18123 Electroquipo 


SINGAPORE 


CONY ELECTRONICS (S) PRIVATE LTD 
10 Jalan Besar # 03-25 

Sim Lim Tower 

SINGAPORE 0820 

Tel. (65) 296.21.11 Telex : RS 34804 CONY 
Telefax. (65) 296.03.39 


SOUTH KOREA 


BUK SUNG TRADING COMPANY LTD 

# 502 Samyung Building 

159-22 Docksan-4 Dong 

KURO-KU, SEOUL 

Tel. (82 2) 854.1362/3/4 Telex : BUSUCO K 26925 
Telefax. (82 2) 862.1273 


SPAIN 


SAGITRON, S.A. 

Castelldé, 25 

28001 MADRID 

Tel. (34 1) 402.60.85 Telex : 43819 
Telefax. (34 1) 275.40.23 


Ronda General Mitre, 200 
08006 BARCELONA 
Tel. (34 3) 212.65.83 Telex : 97317 


VECTOR ESPANA, S.A. 

Torre de Madrid 

Plaza de Espana, 18 

28008 MADRID 

Tel. (34 1) 247.72.96 Telex : 49331 


Muntaner, 281 
08021 BARCELONA . 
Tel. (34 3) 200.37.44 Telex : 98343 


SWEDEN 


FERTRONIC AB 

Box 3035/Dalvagen 12 

S-17103 SOLNA 

Tel. (46 8) 83.00.60 Telex : 11181 FERTRON S 
Telefax. (46 8) 83.28.20 


TH’S ELEKTRONIK AB 

Box 3027 

Arrendevagen 36 

S-16303 - SPANGA 

Tel. (46 8) 36.29.70 Telex : 11145 
Telefax. (46 8) 761.30.65 


SWITZERLAND 


MODULATOR S.A. 

Konizstrasse 194 

CH-3097 BERN-LIEBEFELD 

Tel. (41 31) 59.22.22 Telex : 911 859 
Telefax.(41 31) 21.02.85 


TAIWAN 


HUGE CO LTD 

10F, n° 95, SEC 4 

Nanking E Road 

TAIPEI/TAIWAN 

Tel. (886 2) 771.5373-5 Telex : 25619 Huge Co 
Telefax. (886 2) 717.4114 


THAILAND © 


CHOAKCHAi ELECTRONIC SUPPLIES LTD.PART. 
128/21-23 THANON ATSADANG 

BANGKOK 10200 

Tel. (66 2) 222.3921/221.9075 Telex : 84809 CESLP TH 
Telefax. (66 2) 224.7639 


UNITED KINGDOM AND IRELAND 


ABACUS ELECTRONICS LTD 
Abacus House - Bone Lane 
Newbury 

BERKSHIRE RG14 5SF 

Tel. (44 635) 33311/5 Telex : 847589 


ADDON DEVICES 

11 Shield Road 

Ashford Industrial Estate 

ASHFORD MIDDLESEX TW 15 1AU 
Tel. (44 7842) 47141/2/3 Telex : 923802 


ANZAC COMPONENTS LTD 
822 Yeovill Road 

Slough Trading Estate 

SLOUGH SL1 4JA 

Tel. (44 6286) 4701 Telex : 847949 


BLOOMER ELECTRONIC COMPONENTS 
9-10 Carn industrial Estate 

Portadown Co. Armagh 

NORTHERN IRELAND BT 63 5RH 

Tel. (353 762) 339818 Telex : 748054 


HAWKE ELECTRONICS 

Amotex House 

45 Hanworth Road 

Sunbury on Thames 

MIDDLESEX TW 16 5DA 

Tel. (44 1) 979.7799 Telex : 723592 


HITEK 

Ditton Walk 

Beadle Estate 

CAMBRIDGE CB 5 8QD 

Tel. (44 223) 214722 Telex : 817347 
Telefax. (44 223) 214365 


HYCOMP 

11 Shield Road 

Ashford Industrial Estate 
ASHFORD MIDDLESEX TW 15 1AU 
Tel. (44 7842) 46273 Telex : 923802 


POLAR ELECTRONICS LTD 
Europa House/West Street 

Leighton Buzzard 

BEDFORSHIRE 

Tel. (353 525) 377093 Telex : 825238 


PRONTO ELECTRONICS 
399-425 Eastern Avenue 

GANTS HILL - ILFORD 

ESSEX 

Tel. (44 1) 554622 Telex : 8954213 


SEMICONDUCTOR SPECIALISTS 
Carroll House 

159, High Street 

West Drayton / MIDDLESEX 

Tel. (44 8954) 46415 Telex : 21958 


TRANSWORLD SCIENTIFIC 
Richardson Street 

HIGH WYCOMBE 
BUCKINGHAMSHIRE HP11 2QH 
Tel. (353 494) 36381 Telex : 837236 





THOMSON COMPONENTS MOSTEK CORPORATION SALES HEADQUARTERS : 
1310 ELECTRONICS DRIVE - CARROLLTON, TEXAS 75006 
TEL. (1) 214/466-6000 / TELEX : 730643 / TELEFAX. (1) 214/466-7602 
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TECHNICAL SUPPORT: 


Thomson Components - Mostek Corporation 
16 Commerce Drive 
Montgomeryville, PA 18936-1002 
215/362-8500 

FAX 215/362-1293 


WESTERN AREA: 


Thomson Components - Mostek Corporation 
2540 Mission College Blvd. 

Suite 104 

Santa Clara, CA 95054 

408/970-8585 

FAX 408-970-8737 


Thomson Components - Mostek Corporation 
18004 Skypark Circle 

Suite 140 

Irvine, CA 92714 

714/250-0455 

FAX 714/261-1505 


Thomson Components - Mostek Corporation 
6203 Variel Ave. 

Unit A, PO. Box 4051 

Woodland Hills, CA 91367 

818/887-1010 

FAX 818/702-0725 


Thomson Components - Mostek Corporation 
1107 North East 45th St. 

Suite 411 

Seattle, WA 98105 

206/632-0245 

FAX 206/633-5413 


Thomson Components - Mostek Corporation 
601 South Bowen St. 

Longmont, CO 80501 

303/449-9000 

FAX 303/651-7676 


Thomson Components - Mostek Corporation 
7950 East Redfield Rd. 

Suite 160 

Scottsdale, AZ 85260 

602/998-1580 

FAX 602/483-2303 


Thomson Components - Mostek Corporation 
7155 SW Varns St. 

Tigard, OR 97223-8057 

503/620-5517 

FAX 503/639-3591 


CORPORATE HEADQUARTERS 


Thomson Components - Mostek Corporation 
1310 Electronics - MS1137 

Carrollton, TX 75006 

214/466-6000 


CENTRAL AREA: 


Thomson Components - Mostek Corporation 
1310 Electronics 

MS1137 

Carrollton, TX 75006 

214/466-8844 

TWX 910-860-5437 


Thomson Components - Mostek Corporation 
6100 Green Valley Drive 

Suite 130 ‘ 

Bloomington, MN 55438 

612/831-2322 

FAX 612/831-8195 


Thomson Components - Mostek Corporation 
1827 Walden Office Square 

#430 

Schaumburg, IL 60173 

312/397-6550 

FAX 312/397-4066 


Thomson Components - Mostek Corporation 
3215 Steck Ave. 

Suite 202 

Austin, TX 78758 

512/451-4061 

TWX 910-874-2007 


Thomson Components - Mostek Corporation 
26677 W. 12 Mile Rd. 

Suite #141 

Southfield, Mi 48034 

313/354-5840 

FAX 313/354-3370 


CANADA 


Thomson CSF Canada 
Semiconductor Division 
1000 Sherbrooke West 
Suite 2340 

Montreal, Quebec H3A 3G4 
514/288-4148 

FAX 514/288-8987 


Thomson Components - Mostek Corporation 
44 Rosebud Ave. 

Brampton, Ontario L6X 2W5 

416/454-5252 

FAX 416/454-4328 


FOR ALL OTHER COUNTRIES 
Thomson Semiconducteurs 

43, Avenue de LEurope 

78140 Vélizy-Villacoublay/France 

Tél: (1) 39 46 97 19/Télex: 204 780 F 
or contact Corporate Headquarters 





EASTERN AREA: 


Thomson Components - Mostek Corporation 
83 Cambridge Street 

Suite 2A 

Burlington, MA 01803 

617/273-3310 

FAX 617/272-2467 


Thomson Components - Mostek Corporation 
The Pavilions at Greentree 

Route #73, Suite 101 

Marlton, NJ 08053 

609/596-9200 

FAX 609/424-7437 


Thomson Components - Mostek Corporation 
4414 Evangel Cr. #C 

Huntsville, AL 35816 

205/830-9036 

FAX 205/830-9038 


Thomson Components - Mostek Corporation 
4651 Crossroads Park 

Liverpool, NY 13088 

315/457-2160 

FAX 315/457-2164 


Thomson Components - Mostek Corporation 
387 Hooker Avenue 

Office No. 2 

Poughkeepsie, NY 12603 

914/454-8813 

FAX 914/454-1320 


Thomson Components - Mostek Corporation 
5890 Sawmill Rd. 

Suite 204 

Dublin, Ohio 43017 

614/761-0676 

FAX 614/761-2305 


Thomson Components - Mostek Corporation 
3200 Northline Avenue 

Forum VI, Suite 501 

Greensboro, NC 27408 

919/282-4307 


Thomson Components - Mostek Corporation 
1014 Park Forest Court 

Lilburn, GA 30247 

404/925-2324 
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CONNECTICUT 
Scientific Components* 
1185 S. Main St. 
Cheshire, CT 06410 
(203) 272-2963 

FAX (203) 271-3048 


FLORIDA 

Sales Engineering Concepts, Inc. 
926 Great Pond Dr. 

Suite 2002 

Altamonte Springs, FL 32714 
(305) 682-4800 

FAX (305) 682-6491 


Sales Engineering Concepts, Inc.* 
1000 S. Federal Hwy. 

Suite 204 

Deerfield Beach, FL 33441 

(305) 426-4601 

TWX 510-600-7740 


ILLINOIS 

John G. Twist Co. 

1301 Higgins oad 

Elk Grove Village, IL 60007 
(312) 593-0200 

TWX 510-601-0552 


INDIANA 

M/S Sales Associates, Inc” 
7319 W. Jefferson Blvd. 

Ft. Wayne, IN 46804 

(219) 436-3023 

FAX (219) 436-3026 


* Home Office 


M/S Sales Associates, Inc. 


1425 E. 86th St. 
Indianapolis, IN 46240 
(317) 257-8916 


KANSAS 


Rush & West Associates 


107 N. Chester Street 
Olathe, KS 66061 
(913) 764-2700 

TWX 910-380-8110 


MARYLAND 

Tri-Mark Inc." 

1410 Crain Hwy. NW 
Glen Burnie, MD 21061 
(301) 761-6000 

FAX (301) 761-6006 


MASSACHUSETTS 
A/D Nova Sales, Inc.* 
2 Milita Drive 
Lexington, MA 02173 
(617) 861-1820 


MICHIGAN 

Electronic Sources, Inc. 
8014 W. Grand River 
Suite 6 

Brighton, Mi 48116 
(313) 227-3598 

FAX (313) 227-5655 


MINNESOTA 

Horizon 

8053 East Bloomington Freeway 
Bloomington, MN 55420 

(612) 884-6515 

FAX (612) 888-3073 


MISSOURI 

Rush & West Associates 
2170 Mason Rd. 

St. Louis, MO 63131 
(314) 965-3322 

TWX 910-752-653 
TELEX 752 653 


NEW JERSEY 

Tritek Sales, Inc” 

21 E. Euclid Ave. 

Haddonfield, NJ 08033 

(609) 429-1551 

TWX 215-627-0149 (Philadelphia Line) 
TWX 710-896-0881 


NE Components’* 
189-191 Godwin Ave. 
Wyckoff, NJ 07481 
(201) 848-1100 


NEW YORK 

Empire Technical Assoc. 
33 West State St. 

Suite 211B 

Binghamton, NY 13901 
(607) 772-0651 


GT Sales* 

34 Grand Bivd. 
Brentwood, NY 11717 
(516) 231-0270 


OHIO 

Five Star Electronics® 
6200 S.O.M. Center Road 
Suite B 21 

Solon, OH 44139 

(216) 349-1611 


WISCONSIN 

Heartland Technical Marketing 
3846 Wisconsin Ave. 
Milwaukee, WI 53208 

(414) 931-0606 


CANADA 

Solution Electronic Sales* 
100A 3380 Maquinna Dr. 

Vancouver, B.C. V5S 4C9 
(604) 438-0679 
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ALABAMA 

Marshall Industries 
3313 S. Memorial Pkwy. 
Huntsville, AL. 35801 
(205) 881-9235 


Quality Components, S.E. 
4900 University Square #207 
Huntsville, AL 35817 

(205) 830-1881 


Pioneer Technologies Group 
4825 University Square 
Huntsville, AL 35805 

(205) 837-9300 


Schweber Electronics 
4930-A Corporate Drive 
Huntsville, AL 35805 
(205) 895-0480 


ARIZONA 

Kierulff Electronics 
4134 E. Wood Street 
Phoenix, AZ 35040 
(602) 437-0750 


Marshall Industries 
835 West 22nd St. 
Tempe, AZ 85282 
(602) 968-6181 


Schweber Electronics 
11049 North 23rd Drive 
Suite 100 

Phoenix, AZ 85029 
(602) 997-4874 


ARKANSAS 
See Oklahoma 


CALIFORNIA 

Integrated Electronics Corp. 
7000 Franklin Blvd., Suite 625 
Sacramento, CA 95823 

(916) 424-5297 


Integrated Electronics Corp. 
2170 Paragon Drive 

San Jose, CA 95131 

(408) 435-1000 


ITAL Sales 

15405 Proctor Avenue 
City of Industry, CA 91745 
(818) 968-8515 


Kierulff Electronics 
9800 Variel Avenue 
Chatsworth, CA 91311 
(818) 407-2500 


Kierulff Electronics 
5650 Jillison St. 

Los Angeles, CA 90040 
(213) 725-0325 


Kierulff Electronics 
8797 Balboa Avenue 
San Diego, CA 92123 
(619) 278-2112 


Kierulff Electronics 
1180 Murphy Avenue 
San Jose, CA 95131 
(408) 971-2600 


Kierulff Electronics 
14101 Franklin Avenue 
Tustin, CA 92680 
(714) 731-5711 


Marshall Industries 
One Morgan 
Irvine, CA 92715 
(714) 458-5395 


Marshall Industries 
9710 DeSoto Avenue 
Chatsworth, CA 91311 
(818) 407-0101 


Marshall Industries 

3039 Kilgore Ave., #140 
Rancho Cordova, CA 95670 
(916) 635-9700 


Marshall tndustries 
10105 Carroll Canyon Rd. 
San Diego, CA 92131 
(619) 578-9600 


Marshall Industries 
336 Los Coches St. 
Milpitas, CA 95035 
(408) 943-4600 


Schweber Electronics 
21139 Victory Blvd. 
Conoga Park, CA 91303 
(818) 999-4702 


Schweber Electronics 
1225 West 190th Street 
Suite 360 

Gardena, CA 90248 
(213) 327-8409 


Schweber Electronics 
17822 Gillette Avenue 
Irvine, CA 92714 

(714) 863-0264 

FAX (714) 863-0200 (X500) 


Schweber Electronics 
1771 Tribute Rd. Suite B 
Sacramento, CA 95815 
(916) 929-9732 

FAX (916) 929-5608 


Schweber Electronics 
6750 Nancy Ridge Drive 
San Diego, CA 92121 
(619) 450-0454 

TWX 910-335-1155 


Schweber Electronics 
90 E. Tasman Drive 
San Jose, CA 95131 
(408) 946-7171 


Zeus Components 
1130 Hawk Circle 
Anaheim, CA 92807 
(714) 632-6880 
TWX 910-591-1696 
FAX (714) 630-8770 


Zeus Components 

1580 Old Oakland Road 
Suite C205/C206 

San Jose, CA 95131 
(408) 998-5121 

TWX 408-628-96083 
FAX (408) 998-0285 


COLORADO 

Integrated Electronics Corp. 
5750 N. Logan Street 
Denver, CO 80216 

(303) 292-6121 


Kierulff Electronics 
7060 South Tuscon Way 
Englewood, CO 80112 
(303) 790-4444 


Marshall Industries 
7000 North Broadway 
Denver, CO 80221 
(303) 427-1818 


Schweber Electronics 
8955 E. Nicholas, Bldg. 2 
Englewood, CO 80221 
(303) 799-0258 


CONNECTICUT 
Greene-Shaw 

1475 Whalley Avenue 
New Haven, CT 06525 
(203) 397-0710 

TWX 92-2498 


Marshail Industries 

20 Sterling Drive 

Barnes Industrial Park, N. 
PO. Box 200 

Wallingford, CT 06492-0200 
(203) 265-3822 


Pioneer-Standard 
112 Main Street 
Norwalk, CT 06851 
(203) 853-1515 
TWX 710-468-3373 
FAX (203) 838-9901 


Schweber Electronics 
Commercial Industrial Park 
Finance Drive 

Danbury, CT 06810 

(203) 748-7080 

TWX 710-456-9405 


DELAWARE 
See New Jersey 
Pennsylvania 


FLORIDA 

Ail American Semiconductor 
16251 N.W. 54th Avenue 
Miami, FL 33014 

(305) 621-8282 
800-327-6237 


Marshall Industries 
4205 34th St., SW. 
Orlando, FL 32811 
(305) 841-1878 
(305) 841-1878 


Pioneer Technologies Group 
337 S. North Lake, #1000 
Altamonte Springs, Fl 32701 
(305) 834-9090 

TWX 810-853-0284 


Pioneer Technologies Group 
674 S. Military Trail 
Deerfield Beach, FL 33441 
(305) 428-8877 

TWX 510-955-9653 


Schweber Electronics 

215 North Lake Blvd. 
Altamonte Springs, FL 32701 
(305) 331-7555 

TWX 510-954-0304 


Schweber Electronics 

3665 Park Central Blvd. N. 
Pompano Beach, FL 33064 
(305) 977-7511 

TWX 510-954-0304 


Zeus Components 
1750 West Broadway 
Suite 114 

Oviedo, FL 32765 
(305) 365-3000 

TWX 910-380-7430 
FAX (305) 365-2356 


GEORGIA 

Dixie Electronics 

1234 Gordon Park Road 
Augusta, GA 30901 
(404) 722-2055 


Pioneer Technologies Group 
3100 F. Northwoods Place 
Norcross, GA 30071 

(404) 448-1711. 

TWX 810-766-4515 


Quality Components 
6145 N. Belt Parkway #B 
Norcross, GA 30071 
(404) 449-9508 

TWX 510-601-5297 
629-32421 


Schweber Electronics 
303 Research Drive 
Suite 210 

Norcross, GA 30092 
(404) 449-9170 

TWX 810-766-1592 


ILLINOIS 

Advent Electronics 
7110-16 N. Lyndon St. 
Rosemont, Ii 60018 
(312) 297-6200 


Kierulff Electronics 
1140 W. Thorndale Ave. 
Itasca, IL 60143 

(312) 250-0500 


Marshall Industries 
1261 Wiley Road 

#F 

Schaumburg, IL 60195 
(312) 490-0155 


Pioneer-Standard 

1551 Carmen Drive 

Elk Grove Village, IL 60007 
(312) 437-9680 


Schweber Electronics 

904 Cambridge Drive 

Elk Grove Village, IL 60007 
(312) 364-3750 

TWX 910-222-3453 
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INDIANA 

Advent Electronics 
8446 Moller Road 
Indianapolis, IN 46268 
(317) 872-4910 

TWX 810-341-3228 


Marshall industries 
6990 Corporate Dr. 
Indianapolis, IN 46278 
(317) 297-0483 


Pioneer-Standard 

6408 Castleplace Drive 
Indianapolis, IN 46250 
(317) 849-7300 

TWX 810-260-1794 


1OWA 

Advent Electronics 

682 58th Avenue, Ct. SW 
Cedar Rapids, IA 52404 
(319) 363-0221 

TWX 910-525-1337 


Schweber Electronics 
5270 North Park Place, NE 
Cedar Rapids, IA 52402 
(319) 373-1417 


KANSAS 

Marshall Industries 
8321 Melrose Dr. 
Lenexa, KS 66214 
(913) 492-3121 


Schweber Electronics 
10300 West 103rd Street 
Suite 200 

Overland Park, KS 66214 
(913) 492-2922 


KENTUCKY 
See Indiana 


LOUISIANA 
See Texas 


MAINE 
See Massachusetts 


MARYLAND 

Marshall industries 
8445 Helgerman Court 
Gaithersburg, MD 20877 
(301) 840-9450 


Pioneer Technologies Group 
9100 Gaither Road 
Gaithersburg, MD 20877 
(301) 921-0660 

TWX 710-828-0545 


Schweber Electronics 
9330 Gaither Road 
Gaithersburg, MD 20877 
(301) 840-5900 

TWX 710-828-9749 


Zeus Components 
8930-A Route 108 
Columbia, MD 21045 
(301) 997-1118 

TWX 910-380-3554 
FAX (301) 964-9784 


MASSACHUSETTS 
Greene-Shaw 

70 Bridge Street 
Newton, MA 02195 
(617) 969-8900 
TWX 92 2498 


Kierulff Electronics 
13 Fortune Drive 
Billerica, MA 01821 
(617) 667-8331 


Lionex Corporation 

36 Jonspin Road 
Wilmington, MA 01887 
(617) 657-5170 

FAX (617) 657-6008 


Marshall Industries 
One Wilshire Road 
Burlington, MA 01803 
(617) 272-8200 


Schweber Electronics 
25 Wiggins Avenue 
Bedford, MA 01730 
(617) 275-5100 

TWX 710-326-0268 


Zeus Components 
429 Marrett Road 
Lexington, MA 02173 
(617) 863-8800 

TWX 710-326-7604 
FAX (617) 863-8807 


MICHIGAN 

Advent Electronics 

24713 Crestview Ct. 
Farmington Hills, Mi 48018 
(313) 477-1650 


Pioneer-Standard 

4505 Broadmoor Avenue SE 
Grand Rapids, Ml! 49508 
(616) 698-1800 

TWX 510-600-8456 


Pioneer-Standard 
13485 Stamford 
Livonia, Mi 48150 
(313) 525-1800 
TWX 810-242-3271 


Schweber Electronics 

12060 Hubbard Ave. CN3306 
Livonia, MI 48150 

(313) 525-8100 

TWX 810-242-2983 


MINNESOTA 
Kierulff Electronics 
7667 Cahill Road 
Edina, MN 55435 
(612) 941-7500 


Marshall Industries 
3800 Annapolis Lane 
Plymouth, MN 55441 
(612) 559-2211 


Pioneer Standard 
10203 Bren Road East 
Minnetonka, MN 55343 
(612) 935-5444 

TWX 910-576-2738 


Schweber Electronics 
7424 W. 78th Street 
Edina, MN 55435 
(612) 941-5280 

TWX 910-576-3167 


MISSISSIPPI 
See Texas 


MISSOURI 

Kierulff Electronics 
11804 Borman Drive 
St. Louis, MO 63146 
(314) 997-4956 

TWX 910-762-0721 


Schweber Electronics 


502 Earth City Expressway 


Suite 203 

Earth City, MO 63045 
(314) 739-0526 

TWX 43-4065 


MONTANA 
See California 


NEBRASKA 
See lowa 


NEW HAMPSHIRE 
Schweber Electronics 
Bedford Farms Bidg. #2 
Manchester, NH 03102 
(603) 625-2250 

TWX 710-220-7572 

FAX (603) 625-5710 


NEW JERSEY 
Kierulff Electronics 
37 Kulick Road 
Fairfield, NJ 07006 
(201) 575-6750 


Marshall Industries 
101 Fairfield Rd. 
Fairfield, NJ 07006 
(201) 882-0320 


Pioneer-Standard 

45 Route 46 

Pine Brook, NJ 07058 
(201) 575-3510 

TWX 710-734-4382 


Schweber Electronics 
18 Madison Road 
Fairfield, NJ 07006 
(201) 227-7880 

TWX 710-734-4305 


Solid State 

46 Farrand Street ~ 
Bloomfield, NJ 07003 
(201) 429-8700 

TWX 710-994-4780 
FAX (201) 429-8683 


NEW YORK 

Add Electronics 

7 Adler Drive 

E. Syracuse, NY 13057 
(315) 437-0300 


Nu-Horizons Electronics 


6000 New Horizons Blvd. 


N. Amityville, NY 11701 
(516) 226-6000 


Pioneer-Standard 
840 Fairport Park 
Fairport, NY 14450 
(716) 381-7070 
TWX 510-253-7001 
FAX (716) 381-5955 


Pioneer-Standard 

1806 Vestal Pkwy. East 
Vestal, NY 13850 
(607) 748-8211 

TWX 510-252-0893 





Pioneer-Standard 
Crossways Park West 
Woodbury, NY 11797 
(516) 921-8700 

TWX 510-221-2184 
FAX (516) 921-2143 


Schweber Electronics 
3 Townline Circle 
Rochester, NY 14623 
(716) 424-2222 

TWX 710-541-0601 


Schweber Electronics 
Jericho Turnpike 
Westbury, NY 11590 
(516) 334-7474 

TWX 510-220-1365 


Zeus Components 

100 Midland Avenue 
Port Chester, NY 10573 
(914) 937-7400 

TWX 710-567-1248 

FAX (914) 937-2553 


NORTH CAROLINA 
Dixie Electronics 
2220 S. Tryon Street 
Charlotte, NC 28234 
(704) 377-4348 


Dixie Electronics 

1021 R. Burke St. 
Winston-Salem, NC 27102 
(919) 724-5961 


Hammond Electronics 
2923 Pacific Avenue 
Greensboro, NC 27406 
(919) 275-6391 

TWX 628-94645 


Pioneer Technologies Group 
9801 A Southern Pine Bivd. 
Charlotte, NC 28210 

(704) 527-8188 

TWX 810-621-0366 


Quality Components, S.E. 
2940-15 Trawick Road 
Raleigh, NC 27604 

(919) 876-7767 


Schweber Electronics 
5285 North Bivd. 
Raleigh, NC 27604 
(919) 876-0000 

TWX 510-928-0531 


NORTH DAKOTA 
See Minnesota 


OHIO 

Kierulff Electronics 

476 Windsor Park Drive 
Dayton, OH 45459 
(513) 439-0045 


Marshall Industries 
6212 Executive Bivd. 
Dayton, OH 45424 
(513) 236-8088 


Marshall Industries 
59058 Harper Road 
Solon, OH 44139 
(216) 248-1788 
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OHIO (cont.) 
Pioneer-Standard 
4800 East 131st Street 
Cleveland, OH 44105 
(216) 587-3600 

TWX 810-421-0011 


Pioneer-Standard 
4433 Interpoint Blvd. 
Dayton, OH 45424 
(513) 236-9900 

TWX 810-459-1622 


Schweber Electronics 
23880 Commerce Park Rd. 
Beachwood, OH 44122 
(216) 464-2970 

TWX 810-427-9441 


Schweber Electronics 
7865 Paragon Road 
Suite 210 

Dayton, OH 45459 
(513) 439-1800 


Zeus (Televox) 
2593 Lance Drive 
Dayton, OH 45409 
(513) 294-4499 
TWX 75-9251 

FAX (513) 294-6620 


OKLAHOMA 

Quality Components 
9934 East 21st South 
Tulsa, OK 74129 
(918) 664-8812 

TWX 910-860-5459 
629-28599 


Schweber Electronics 
4815 South Sheridan 
Fountain Plaza, Suite 109 
Tulsa, OK 74145 

(918) 622-8000 


OREGON 

Almac Electronics Corp. 
1885 N.W. 169th Place 
Beaverton, OR 98006 
(503) 629-8090 

FAX (503) 645-0611 
TWX 910-467-8743 


Kierulff Electronics 

14273 N.W. Science Park Drive 
Portiand, OR 97229 

(503) 641-9150 


Marshall Industries 
8333 S.W. Cirrus Or. 
Beaverton, OR 97005 
(503) 644-5050 


PENNSYLVANIA 
Almo Electronics, Inc. 
9815 Roosevelt Bivd. 
Philadelphia, PA 19114 
(215) 698-4063 

TLX 476-1218 

FAX (215) 969-6768 


Pioneer-Standard 
259 Kappa Drive 
Pittsburgh, PA 15238 
(412) 782-2300 

TWX 710- 795-3122 


Pioneer Technologies Group 
261 Gibraltar Road 
Horsham, PA 19044 

(215) 674-4000 

TWX 510-665-6778 


Schweber Electronics 
900 Business Center Dr. 
Horsham, PA 19044 
(215) 441-0600 

TWX 510-665-6540 


Schweber Electronics 
1000 R.1.0.C. Plaza 
Suite 203 

Pittsburgh, PA 15238 
(412) 782-1600 

TWX 810-427-9441 


RHODE ISLAND 
See Massachusetts 
New York 


SOUTH CAROLINA 
Dixie Electronics 
1900 Barnwell Street 
Columbia, SC 29202 
(803) 779-5332 

TLX 810-666-2620 
FAX (803) 765-9276 


Dixie Electronics 

531 E. Palmetto Street 
Florence, SC 29503 
(803) 669-8201 


Dixie Electronics 
4909 Pelham Rad. 
Greenville, SC 29606 
(803) 297-1435 


Dixie Electronics 

#6 Pepperhill Square 
7525 Brandywine Road 
N. Charleston, SC 29410 
(803) 552-2671 


SOUTH DAKOTA 
See Minnesota 


TENNESSEE 

Dixie Electronics 

Box 8215 Suncrest Drive 
Gray, TN 37615 

(615) 477-3838 


Dixie Electronics 
6408 Clinton Highway 
Knoxville, TN 27912 
(615) 938-4131 


TEXAS 

Kierulff Electronics 
9610 Skillman Ave. 
Dallas, TX 75243 
(214) 343-2400 


Marshall Industries 
2045 Chenault St. 
Carrollton, TX 75006 
(214) 233-5200 

FAX (214) 770-0675 


Pioneer-Standard 
13710 Omega Read 
Dallas, TX 75234 
(214) 386-7300 
TWX 910-860-5563 


Pioneer-Standard 
9901 Burnet Road 
Austin, TX 78758 
(512) 835-4000 
TWX 910-874-1323 


Pioneer-Standard 
5853 Point West Drive 
Houston, TX 77036 
(713) 988-5555 

TWX 910-881-1606 


Quality Components 
4257 Kellway Circle 
Addison, TX 75001 
(214) 733-4300 

TWX 910-860-5459 


Quality Components 
1005 Industrial Bivd. 
Sugarland, TX 77478 
(713) 240-2255 

TWX 629 27026 


Quality Components 
2120 M. Braker Lane 
Austin, TX 78758 
(512) 835-0220 

TWX 324930 


Schweber Electronics 
4202 Beltway Drive 
Dallas, TX 75234 
(214) 661-5010 

TWX 910-860-5493 


Schweber Electronics 
6300 La Calma Drive 
Suite 240 

Austin, TX 78752 
(512) 458-8253 

TWX 910-874-2045 


Schweber Electronics 
10625 Richmond, Suite 100 
Houston, TX 77042 

(713) 784-3600 

TWX 910-881-4836 


Zeus Components 
1800 North Glenville 
Suite 120 
Richardson, TX 75081 
(214) 783-7010 

TWX 910-867-9422 
FAX (214) 234-4385 


UTAH 

Integrated Electronics Corp. 
101 N. 700 West 

N. Salt Lake City, UT 84054 
(801) 298-1869 


Kierulff Electronics 

1846 Parkway Bivd. 

Salt Lake City, UT 84119 
(801) 973-6913 


Marshail Industries 

3501 South Main St. 
Salt Lake City, UT 84115 
(801) 261-0901 


VERMONT 
See New York 


VIRGINIA 
See Maryland 


WASHINGTON 

Almac Electronics Corp. 
14360 S.E. Eastgate Way 
Bellevue, WA 98007 
(206) 643-9992 

TWX 910-444-2067 

FAX (206) 746-7425 


Almac Electronics Corp. 
East 10905 Montgomery 
Spokane, WA 99206 
(509) 924-9500 

TWX 510-773-1855 

FAX (509) 928-6096 


Kierulff Electronics 
19450 68th Ave. 

South Kent, WA 98032 
(206) 575-4420 


Marshall Industries 

14102 N.E. 21st St. 

Bellevue, WA 98007 
(206) 747-9100 


WASHINGTON D.C. 
See Maryland 


WEST VIRGINIA 

See Ohio 
Pennsylvania 
Maryland 


WISCONSIN 

Kierulff Electronics 

2238-E West Bluemound Road 
Waukesha, WI 53186 

(414) 784-8160 


Marshall !ndustries 

235 North Executive Dr. 
#305 

Brookfield, WI 53005 
(414) 797-8400 


Schweber Electronics 
3050 South Calhoun Rd. 
New Berlin, WI 53151 
(414) 784-9020 


WYOMING 
See Oregon 
Washington 


CANADA 

R.A.E. industrial 
3455 Gardner Court 
Burnaby, B.C. 

(604) 291-8866 
TWX 610-929-3065 


R.A.E. Industrial 
11680 170th Street 
Edmonton, Alberta 
T5S 1J7 

(403) 451-4001 
TWX 037-2653 


Zentronics 

8 Tilbury Court 
Brampton, Ontario 
L6T 314 

(416) 451-9600 
TWX 06-97678 

FAX (416) 451-8320 


Zentronics 

3300-14 Ave., NE Bay #1 
Caigary, Alberta 

T2A 634 

(403) 272-1021 


Zentronics 

155 Colonnade, S. #17/18 
Nepean, Ontario 

K2E 7K1 

(613) 226-8840 

TWX 06-97698 
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CANADA (cont.) 
Zentronics 

11400 Bridgeport Rd. #108 
Richmond, B.C. 

V6X 1T2 

(604) 273-5575 

TWX 04-355844 


Zentronics 

817 McCaffrey Street 
St. Laurent, Quebec 
H4T iN3 

(514) 737-9700 

TWX 05-824826 


Zentronics 

564 Weber Street, N. #10 
Waterloo, Ontario 

N21 5C6 

(519) 884-5700 

TWX 06-97678 


Zentronics 

590 Berry Street 
Winnipeg, Manitoba 
R3H 0S1 

(204) 775-8661 
TWX 06-97678 


Future Electronics 
3220 5th Avenue, N.E. 
Calgary, Alberta 

T2A 5N1 

(403) 235-5325 


Future Electronics 


82 St. Regis Crescent N. 


Downsview, Ontario 
M3J 1Z3 

(416) 638-4771 

TWX 610-491-1470 
FAX (416) 638-2936 


Future Electronics 

§312 Calgary Trail South 
Edmonton, Alberta 

T6H 4J8 

(403) 438-2858 


Future Electronics 
Hymus Bivd. 

Pointe Claire 
Montreal, Quebec 
HOR 5C7 

(514) 694-7710 

TWX 610-421-3251 or 
610-421-3500 

FAX (514) 695-3707 or 
(514) 694-0062 


Future Electronics 
Baxter Center 
1050 Baxter Road 
Ottawa, Ontario 
K2C 3P2 

(613) 820-8313 
TWX 610-563-1697 
FAX (613) 820-3271 


Future Electronics 
1695 Boundary Road 
Vancouver, B.C. 

B5K 4X7 

(604) 294-1166 

TLX 04354744 

FAX (604) 294-1206 


Future Electronics 

444 Sharon Bay 
Winnipeg, Manitoba 

R2G 0H7 

(604) 294-1166 (Vancouver) 


THOMSON COMPOSANTS EXPORT SALES HEADQUARTERS : 
101, BD MURAT - 75781 PARIS CEDEX 16 - FRANCE 
TEL. (33 1) 47.43.96.40 / TELEX : TCEX 648782 F 
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ARGENTINE 


STE CORTE & CIA, S.R.L. 

Santiago del Estero 

643 4° Piso 

1075 BUENOS AIRES 

Tel. (54 1) 38.00.10 7/8/9 Telex : 21992 CORTE 


INDE 


MICRONIC DEVICES 

«Arun Complex» 

N° 65, DVG road Basavanagudi 
BANGALOR® 560 004 

Tel. (91 812) 600.631 Telex : 8458332 


PERMEDIA ASSOCIATES 

14 Dream Land House 1st Floor 

1/18 - B, Asaf Ali Road 

NEW DELHI 110 002 

Tel. (91 11) 73.23.47 - (91 11) 73.38.39 
Telex : 03162136 PAAS IN 


MEXIQUE 


CYDESA 

Prol de Jade 2 Col. Estrella 

C.P. 07810 

MEXICO D.F. 

Tel. (52 5) 537.38.32 - (52 5) 577.18.83 Telex : 1773944 


INTERTRON 

Cerrada de Palomas N° 7 

Col Reforma Social 

11650 MEXICO D.F. 

Tel. (52 5) 540.07.15 - (52 5) 540.29.69 Telex : 1763254 


PEROU 


INTERSA 

Raimundo Carcano 995 

Urb. Santa Catalina 

LIMA 13 

Tel. (51 14) 724.921 Telex : 25257 PE PB SIS 


R.S.A. 


PACE ELECTRONICS 

Components PTY 

P.O. Box 701 

ISANDO 1600 TRANSVAAL R.S.A 

Tel. (27) 11.974.1211 (6) Telex : 429023 


TURQUIE 


BARKEY SANAYI MALZEMELERI 

Temsilcilik Itd STI 

P.K. 667 SISLI ISTAMBUL 

Tel. (90 11) 47.97.40 - (90 11) 48.91.47 - (90 11) 40.14.83 
Telex : 26900 NED TR 


URUGUAY 


MURACCIOLE LTDA 

Colonia 844 Piso 3 

Casilla 430 

MONTEVIDEO 

Tel. (59 8) 90.08.32 - (59 8) 90.21.37 Telex : 23079 UY TENIP 
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ARGENTINE 


ELECTRONICA ELEMON S.A. 

Monroe 4566 

1431 BUENOS AIRES 

Tel. (54 1) 51.42.06 - (54 1) 52.73.35 Telex : 22204 


ELKO S.R.L. 

Belgrano 1661 

1093 BUENOS AIRES 

Tel. (54 1) 45.35.59 - (54 1) 45.11.01 Telex : 17561 ELKO 


CHILI 


VICTRONICS 

Casilla 283 V Correo 21 

SANTIAGO 01 

Tel. (56 2) 392.787 - (56 2) 330.232 Telex : 340168 VICTORCK 


CASA ROYAL 

Libertador B. O'Higgins 845 

SANTIAGO 

Tel. (56 2) 39.15.24 - (56 2) 38.10.37 Telex : 340517 ROYAL CK 


INDE 


THOMSON CSF/COMPOSANTS EXPORT 
(délégation) 

C578 Defence Colony 
NEW DELHI 110024 
Tel. (91 11) 62.55.98 - (91 11) 61.15.98 
Telex : 3166642 TCSF IN 


MEXIQUE 


PROVEEDORA ELECTRONICA 

Prol Moctezuma Ote 24 

Col. Romero de Terreros 

P.O. Box 21139 

04310 MEXICO D.F. 

Tel. (52 5) 554.83.00 Telex : 01772402 PROVME 


DICOPEL S.A. 

Tochtli 368 Fracc 

Ind San Antonio 

Azcapotzalco 

02760 MEXICO DF 

Tel. (52 5) 561.32.11 - Telex : 1773790 DICOMF 


ELECTRONICA STEREN S.A. 

Rep. de El Salvador N° 28 Ay B 
06000 MEXICO D.F. 

Tel. (52 5) 512 06 99 - (52 5) 512 03 20 
Telex : 01771977 STERNE 


SEMICONDUCTORES PROFESIONALES 
Insurgentes sur 1748 403 

01030 MEXICO D.F. 

Tel. (52 5) 534.17.42 - (52 5) 534.79.80 
Telex : 1771700 BRASME 


URUGUAY 


ENEKA 

Avenida Gral Rondeau 1534 

P.O. Box 695 © 

MONTEVIDEO 

Tel. (59 8) 90.79.44 - (59 8) 90.79.96 Telex : 22270 





VENEZUELA 


BENAVIDES 

Avilanes A Rio 

Residencias Kamarata 

Local 4 al 7 

Apartado postal 20249 

La Gandelaria 

CARACAS 1020 A 

Tel. (56 2) 571.03.96 - (56 2) 571.27.10 Telex : 28450 PBVENVC 


LOGIBYTE 

Av. Civdad Universitaria 

Edif. Los Moriches 

Apartado Los Chaguaranos 47776 

CARACAS 1041 A 

Tel. (56 2) 662.19.80 - (56 2) 662.38.41 Telex : 24581 LOGIB VC 


© THOMSON SEMICONDUCTEURS 


These specifications or references are only given for information, without any guarantee as regards either 
mistakes or omissions. Their publication does not suggest that the matter is free of any right of industrial 
property and does not grant any license of these rights to anyone. THOMSON SEMICONDUCTEURS refuses 
all responsability concerning their use whatever the purpose or appliance. Any copy, reprinting or translation 
of these specifications, entirely or partially, without the consent and the written agreement of THOMSON 
SEMICONDUCTEURS, is forbidden, according to the law of March 11, 1957, relating to the copyright. 
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